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SUMMARY
Mutants of the thienamycin producer, Streptomyces cattleya NRRL 8057 were 
induced by ultraviolet irradiation at 254nm. Some characteristics of the 
mutants (which included growth rates at different temperatures, sensitivity to 
different antibiotics, nutrient utilization, auxotrophy, reaction to cobalt, 
sodium chloride and pH) were examined. Using numerical taxonomy techniques, it 
was possible to define sub-populations of high titre antibiotic producers.
Cluster analysis and principal components analysis were used to identify 
clusters of high titre antibiotic producers. Both analyses gave similar 
results, identifying the same clusters of high titre producers. Discriminant 
analysis was used to characterize the high titre producers. The characters 
which differentiated the high titre producers were growth rate at 20°C, starch 
hydrolysis, resistance to neomycin, erythromycin and cobalt.
These selected characters were used to design selective media for the 
isolation of high titre antibiotic producing UV radiation induced mutants of 
S. cattleya. Individually and in paired combinations, the selective pressures 
applied in the media selected for high titre producing mutants. In particular, 
media containing paired combinations of neomycin, erythromycin and cobalt 
selected for mutants with high antibiotic productivity. Cobalt was identified 
as the single factor which selected for the highest number of mutants 
producing detectable levels of antibiotics and high amounts of biomass.
This application of numerical taxonomy to the selection of high titre 
antibiotic producing strains is a novel approach to screening for such 
strains. Including this technique in a strain development programme would 
offer the advantages of a high through put, increased probability of selecting 
for the desired mutants, making it unnecessary to carry out repeated bioassays 
and thus, saving time and effort.
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INTRODUCTION AND LITERATURE REVIEW
ANTIBIOTICS
Antibiotics are a remarkable group of biologically active compounds with 
a wide variety of structures (Berdy, 1974) and modes of action (Demain, 1975). 
Since 1940, there has been an increase in the rate of discovery of new and 
potent compounds which has facilitated significant advances in medicine, 
agriculture and research. Over 20,000 tons of antibiotics are produced 
annually around the world (Demain, 1984). The search is still on for new 
antibiotics to combat naturally resistant bacteria and fungi, as well as those 
previously susceptible microbes that have developed resistance; to improve the 
pharmacological properties of antibiotics; combat tumours, viruses and 
parasites; and discover safer, more potent and broader spectrum antibiotics. 
About 5,500 antibiotics have been described, 4,000 of them produced by 
actinomycetes alone and they are still being discovered at the rate of about 
300-400 per year (Demain, 1984).
The term ’antibiotic’ presently means a chemical substance derived from a 
microorganism which has the capacity of destroying or inhibiting the growth of 
other microorganisms in dilute solutions. It is possible now to synthesize 
chemically or enzymatically some of the naturally occurring antibiotics and 
semi-synthesis has produced many potent and safer derivatives of potentially 
useful antibiotics.
The Importance of Antibiotics
Antibiotics are extremely important for the health and nutrition of our 
society and have tremendous economic consequence. The significance of 
antibiotics in medicine cannot be over-emphasised. The advent of antibiotics 
has changed the entire concept of chemotherapy. Many known antibiotics have 
very potent antibacterial, antifungal or antiprotozoal activity. Some 
antibiotics have antiviral properties e.g. chloramphenicol, rifamycin B and 
the tetracyclines. Antitumour antibiotics e.g. bleomycin and mitomycin are 
capable of retarding or suppressing the growth of tumour cells and may have 
potential as ’anticancer’ drugs (Waksman, 1963; Gause, 1978; Vandamme, 1984). 
Several well-known antibiotics display pharmacological activities such as 
oestrogenic, anticoagulant, anti-inflammatory, hypoglycaemia-inducing, 
hallucinogenic, toxic, diuretic and enzyme-inhibiting properties among many 
others (Woodruff, 1980; Demain, 1983b; Vandamme, 1984), though these are not 
the properties for which the compounds are well-known.
2
Until recently antibiotics like the penicillins, tetracyclines, 
streptomycin and erythromycin have been used in agricultural applications such 
as food preservation, animal nutrition, and plant protection. Claims that 
indiscriminate use might be related to the development and spread of 
antibiotic-resistant microorganisms have led to their restricted use in 
agriculture. Antibiotics are used in animal nutrition as feed additives to 
promote growth in addition to their anticoccidial, antihelminthic, anti­
protozoal or hormonal properties. In the control of plant diseases, 
antibiotics are used as pesticides, microbial insecticides, herbicides and 
plant growth regulators (Waksman, 1963; Vandamme, 1984).
In research, antibiotics play a crucial role in the development of tissue 
culture techniques and in chick embryos for the cultivation of viruses. 
Antibiotics have numerous applications in biochemistry, molecular biology, 
microbiology, genetics (including genetic engineering) and probably to a 
lesser extent pharmacology and organic chemistry.
The Biological Significance of Antibiotic Production
The role of antibiotics in the producing organism has been the subject of 
considerable speculation and discussion. In spite of this, there is still no 
unequivocal conclusion as to their function. The several functions proposed 
for antibiotics include antibiotics as waste products of cellular metabolism, 
reserve food materials, spore coat components and breakdown products derived 
from cellular macromolecules (Zahner, 1979; Demain, 1980). Other hypotheses 
which have been considered are that the process of antibiotic production (or 
secondary metabolism) serves to maintain the enzymatic machinery of the cell 
in working order until conditions favourable for growth are found; antibiotics 
are detoxification products, weapons for defence against antagonists, and 
compounds which function in cellular differentiation (Zahner, 1979; Demain, 
1980).
An explanation favoured by many is that it is the process of secondary 
metabolism rather than the nature of the metabolites produced that is 
important to the producing organism. This hypothesis proposes that the process 
of secondary metabolism provides a pathway for the removal of intermediates 
which would accumulate during the stationary phase of growth, converting these 
precursors into innocuous compounds that do not repress the synthesis of low
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molecular weight compounds required during normal growth (Bu'lock, 1961). The 
advantages this would present to the producing organism are that it avoids the 
metabolic problems that would arise from intracellular accumulation of large 
concentrations of low molecular weight compounds, while at the same time 
allowing the synthetic processes to remain operational during times of 
metabolic stress (Bu'lock, 1961).
As a result of the effect of antibiotics on other organisms, they are 
thought to function in the killing (or inhibition of the growth) of other 
organisms in nature, thereby providing a competitive advantage to the 
producing species (Brian, 1957; Gottlieb, 1976; Demain, 1980). The capacity 
to produce antibiotics is quite common among soil saprophytes and the most 
capable saprophytic antagonists of root parasites are often antibiotic 
producers (Brian, 1957). Most antibiotic-producing microorganisms can produce 
their antibiotics in sterilized soil supplemented with organic materials, 
though a few of them can synthesize antibiotics in unsupplemented sterilized 
soil or in unsterilized supplemented soil (Wright, 1956; Brian, 1957). The 
limiting factor for the production of antibiotics in the soil is nutrient 
concentration (Brian, 1957). Although the average organic content of soil is 
low, certain microenvironments (e.g. dead plant debris, seed coats, plant 
rhizospheres) provide enough carbon for antibiotic production (Brian, 1957; 
Demain, 1974). Antibiotics produced by soil saprophytes are active when 
present in soil (Williams and Khan, 1974). Hill (1972) demonstrated 
penicillin production in sterilized unsupplemented soil inoculated with wild 
type Penicillium chrysogenum. The main argument against this 'defence theory 
of antibiotics' is that many antibiotic-producing organisms are just as 
sensitive to their own antibiotics as their competitors (Zahner, 1979). This 
view maintains that antibiotics are products of secondary metabolism which 
have an incidental action in minimal concentration on the growth processes of 
other organisms.
One suggested function for antibiotics which has received a lot of 
attention is that antibiotics are important compounds in cellular 
differentiation, that is, in the transition from vegetative cells to spores or 
from spores to vegetative cells. Many antibiotics are produced by spore- 
producing microorganisms (Katz and Demain, 1977). Sporulating bacilli produce 
peptide antibiotics which are thought to play a key role in the termination of 
vegetative growth, allowing sporulation to take place (Hodgson, 1970; Sadoff, 
1972). Hodgson (1970) suggested that peptide antibiotics might be used in
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several ways by an organism during sporulation as modifiers of the cell 
membrane e.g. as detergents disrupting structural components, or as ion 
carriers modifying permeability characteristics. By the antibiotic 
selectively functioning at certain stages, he argued, the sporulation process 
would be able to proceed normally.
This proposed function of antibiotics is popular because many 
observations indicate an intimate relationship between antibiotic formation 
and sporulation. For example, inhibitors of sporulation such as 
ethylmalonate, ^ -picolinic acid and fluOroacetate inhibit antibiotic formation 
(Sarkar and Paulus, 1972). Both sporulation and antibiotic production are 
repressed by glucose and in Bacillus licheniformis, both processes require a 
similar concentration of manganese many times higher than is required for 
vegetative growth (Demain, 1974). The temporal relationship between the two 
processes, however, does not prove that the antibiotic or its production is 
necessary for sporulation. The existence of mutants that are antibiotic- 
negative but can still sporulate is an example of one flaw in this hypothesis 
(Demain and Piret, 1979). Such mutants have been found among bacteria, 
actinomycetes and fungi. Schmitt and Freese (1968) suggested the critical 
experiment to prove this hypothesis is the isolation of an asporogenous mutant 
that can sporulate only upon the addition of pure antibiotic.
If the hypothesis that sporulation and antibiotic formation are regulated 
by a common or similar regulatory mechanism is true, such a coordinated 
control would offer several advantages to the sporulating producer. For 
example, the antibiotic could be packaged in the spore and excreted during 
germination to inhibit or kill competitors, thereby providing an environment 
favourable for the development of the germinating spore; or the antibiotic 
could be packaged in the spore and inhibit germination until environmental 
conditions become more favourable for growth (Katz and Demain, 1977). Certain 
antibiotics are indeed found in spores of bacilli and actinomycetes. Ensign 
(1976) observed that antibiotic substances were excreted from germinating 
spores of Streptomyces griseus which inhibited the germination of other 
spores. Also, both the antibiotics in Streptomyces yiridochromogenes spores 
and gramicidin S in Bacillus brevis inhibit germination or outgrowth of the 
producer’s spores (Hirsch and Ensign, 1978; Piret and Demain, 1981). These 
observations suggest that antibiotics probably have a role in the timing of 
germination and in the survival of dormant and germinating spores.
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Though not all antibiotics are involved in sporulation, it is highly 
probable that all antibiotics have some functional role in the survival of the 
producing organism. It is most unlikely that the multi-enzyme reaction 
sequences of antibiotic biosynthesis would have been retained in nature 
without some beneficial effects on survival. Zahner (1979) proposed that 
besides the five phases of the cell’s own metabolism (intermediary metabolism, 
regulation, transport, differentiation and morphogenesis), secondary 
metabolism is a ’games room’ for the evolution of further biochemical 
development, which can proceed without damaging primary metabolism. Genetic 
changes leading to the modification of secondary metabolites would not be 
expected to have any major effect on normal cell function. If a genetic change 
leads to the formation of a compound that is beneficial in some way, then this 
genetic change would be fixed in the cell’s genome, perhaps becoming 
essential. In this way, the former secondary metabolite would be converted 
into a primary metabolite.
Rather than attempting to formulate a proposal to explain the function of 
all antibiotics (or indeed all secondary metabolites), Demain (1974) suggests 
it would be better to elucidate the function of each individual antibiotic in 
the producing organism.
How Antibiotic Producers Avoid Suicide
A microorganism, in producing an antibiotic is faced with a difficult 
biochemical challenge. The product it accumulates is one of the most potent 
compounds made by living organisms and it is remarkable that the producing 
strains can remain metabolically active in an environment with a very high 
concentration of an antibiotic. When a producing strain is inoculated into a 
fresh medium containing a lower concentration of its own antibiotic, adverse 
effects on growth are observed (Demain, 1974; Vining 1979). For example, the 
growth of the actinomycin producer, Streptomyces antibioticus is 50% inhibited 
by 4 ug/ml of actinomycin, though the strain is capable of producing about 120 
ug/ml of actinomycin in idiophase (Hitchcock and Katz 1976).
It is possible for microorganisms to grow and produce secondary 
metabolites, such as antibiotics to which they are sensitive, because they 
synthesize their secondary products only after having passed through part or 
all of their growth phase (Weinberg, 1970). . The commencement of detectable 
antibiotic production varies in different organisms, from the latter part of
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the growth phase to many hours after rapid growth has ended. This delay in 
antibiotic formation is because enzymes involved specifically in antibiotic 
biosynthesis are repressed or inhibited during growth (Demain, 1974).
Even when most of the growth of the microorganisms has taken place before 
antibiotic production, they might be killed by their own antibiotic during 
production. Therefore, the synthesizing microorganism develops resistance 
during antibiotic production. The resistance mechanisms developed by 
antibiotic-producing microorganisms against their own antibiotics are similar 
to those in clinically resistant bacteria. Such mechanisms include 
modification (and eventual detoxification) of the antibiotic by enzymes 
formed by the producer; alteration of the antibiotic's target in the producing 
cell e.g. the ribosomes; and decreased inward permeability to the antibiotic 
after it has been excreted (Demain 1974).
PRIMARY AND SECONDARY METABOLISM IN ANTIBIOTIC PRODUCTION 
Primary and Secondary Metabolism
Primary metabolism involves an inter-connected series of enzyme-mediated 
catabolic, amphibolic and anabolic pathways, which provide biosynthetic 
intermediates and energy, and convert precursors into essential macromolecules 
such as deoxyribonucleic acid (DNA), ribonucleic acid (FNA), proteins, lipids 
and polysaccharides. Its metabolic reactions are precisely balanced and 
metabolic intermediates other than those required for cell growth do not 
accumulate. In addition to this general type of metabolism, certain taxonomic 
groups are capable of synthesizing special metabolites by using either the 
same general enzymes or special synthetases produced by specific cells under 
specific nutritional conditions. The synthesis of these special (or
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secondary) metabolites is 'secondary metabolism'. While primary metabolism is 
essentially identical for all living things, secondary metabolism is unique to 
a small group of organisms.
Secondary metabolites include an extraordinary variety of compounds, but 
all are synthesized from low molecular weight compounds that are used by the 
cell in exponential phase to synthesize cellular components (Bu'lock, 1965; 
Bu'lock et al., 1974; Drew and Demain, 1977). Amino sugars, quinones, 
coumarins, epoxides, alkaloids, macrolides, glutarimides, glycosides, indoles, 
peptides, lactones, nucleosides, phenazines, polyacetylenes, polyenes, 
pyrroles, quinolines, and terpenoids are a few examples of the diverse 
chemical structures represented by secondary metabolites (Weinberg, 1970; 
Berdy, 1974). These special metabolites have some form of biological 
activity. When the activity involves interference with the growth processes 
of organisms other than the producer, the secondary metabolite is called an 
antibiotic.
An important characteristic of secondary metabolism is that its products 
are usually synthesized only at low specific growth rates (Martin and Demain, 
1980). Individual biosynthetic pathways are also affected by regulatory 
mechanisms such as induction, catabolite regulation and end-product 
regulation. Therefore, secondary metabolism is controlled by (i) overall 
regulatory controls which are effected by growth rate changes and (ii) 
specific regulatory effects on individual pathways (Martin, 1978).
Relationship between Trophophase and Idiophase
It is a fairly common observation that antibiotic production is virtually 
absent in rapidly growing cultures in nutritionally rich media in batch 
fermentation. Antibiotics usually appear at the onset of the stationary phase 
when most of the cellular growth has occurred and primary synthesis is greatly 
reduced (Weinberg, 1970). This dissociation of antibiotic production from 
growth is clearly seen in antibiotic-producing unicellular bacterial cultures 
with distinct exponential growth phases (Sarkar and Paulus, 1972). The growth 
phase is called the 'trophophase', while the production phase is the 
'idiophase' (Bu'lock et al., 1975). Secondary metabolites, which are produced 
during idiophase, are therefore called 'idiolites' (Walker, 1974).
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Although distinct trophophase and idiophase are observed in unicellular 
bacteria, separation of the two phases is not as clear cut in fermentations of 
filamentous microorganisms (actinomycetes and fungi). In these cases, dry 
weight often tends to increase significantly during idiophase, though at a 
lower rate than during trophophase. Martin and Demain (1980) however, consider 
dry weight to be a poor criterion of true growth. They argue that cellular 
mass does not consist only of structural material required for cell 
replication (such as cell walls, membranes, ribosomes, nuclei etc.) but also 
of assimilatory reserve materials such as polyols, lipids, polyphosphates and 
non-structural carbohydrates which may account for 50-60% of the dry weight at 
the end of a fermentation. They recommended that a better measure of the 
replicatory growth would be the increase in DNA which will make it possible to 
dissociate cell growth from antibiotic production. Reduction in respiratory 
activity and a decrease in the rate of RNA synthesis were also considered to 
be good indicators of the end of replicatory growth (Martin and Demain, 1980).
The factor which controls the onset of secondary metabolism (and 
antibiotic biosynthesis) is thought to be a deficiency of one or more growth- 
limiting nutritional components. In Gibberella fujikuroi, trophophase can be 
terminated by the exhaustion of any one component of the nutrient medium 
(Borrow et al., 1961). The mechanisms by which the exhaustion of growth- 
limiting nutrients arrest growth and initiate idiolite biosynthesis are just 
beginning to be understood. In defined medium supporting only slow growth, 
some nutritional factor may be growth-limiting from the start, favouring 
antibiotic production while growth is still taking place. Thus trophophase 
and idiophase which ideally occur at two separate times in batch cultures may 
often overlap. For example, chloramphenicol production by Streptomyces 
venezuelae proceeds under sub-optimal growth conditions as well as during 
rapid growth on non-restricting sources of carbon and nitrogen (Chatterjee et 
al., 1983). The widely observed suppression of secondary metabolism during 
trophophase appears to be absent here. Martin and Demain (1980) therefore 
proposed that the timing of product formation should not be used to define a 
secondary metabolite. They maintain that a secondary metabolite is secondary 
only because it is not necessary for the vegetative growth of the producing 
microorganism.
The production of antibiotics only after most of the active growth has 
taken place is useful to the producing organisms, since during growth they are 
sensitive to the antibiotics they produce. As discussed earlier, antibiotic
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producing organisms become resistant to the harmful effects of their own 
products by mechanisms which include enzyme modification or inactivation of 
the antibiotic, altering the target of the antibiotic in the producer cell and 
reducing the inward permeability to the antibiotic after it has been excreted 
(Demain, 1974).
Regulation of Antibiotic Biosynthesis
Several different mechanisms acting together appear to be involved in the 
control of secondary metabolism. Two possible models by which the regulation 
is carried out have been proposed by Martin and Demain (1980). In one model, 
a small molecule acts as a co-repressor or inhibitor, repressing formation or 
inhibiting the action of antibiotic synthetases. This co-repressor or 
inhibitor must therefore be depleted before antibiotic synthesis can take 
place. This model explains some of the experimental observations of carbon 
catabolite regulation, nitrogen metabolite regulation and phosphate control. 
In the second model, an inducer or activator must be synthesized by the 
producing organism or added to it in order to initiate biosynthesis of the 
required metabolite.
Carbon Catabolite Regulation
It is well established that rapidly utilized carbon sources, such as 
glucose, generally repress or inhibit the biosynthesis of secondary 
metabolites (Aharonowitz and Demain, 1978; Demain et al., 1979). 
Disaccharides such as sucrose and lactose have been found to be better carbon 
sources than glucose for some antibiotic fermentations. In penicillin 
production, it was found that glucose was an excellent carbon source for 
growth but was a poor substrate for penicillin production (Soltero and 
Johnson, 1953). Usually in a medium containing glucose and a more slowly 
utilized carbon source e.g. lactose, glucose is used first without the 
production of antibiotic. After glucose is exhausted, the second carbon 
source is used for antibiotic biosynthesis (Demain, 1963; Gallo and Katz, 
1972). The carbon regulatory effect may be exerted by other rapidly used 
carbon sources other than glucose. For example, citrate is favoured over 
glucose in novobiocin production by Streptomyces niveus resulting in diauxic 
growth. Novobiocin production is suppressed during the citrate utilization 
phase, but not during the secondary phase of glucose utilization (Kominek, 
1972).
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In a few cases, some aspects of the molecular mechanisms of carbon 
regulation are known. Carbon catabolite repression affects the formation of 
specific enzymes involved in the biosynthesis of secondary metabolites, for 
example phenoxazinone synthase, a key enzyme in the formation of the 
phenoxazinone ring in actinomycin (Gallo and Katz, 1972); the ring expansion 
enzyme of cephalosporin biosynthesis (Behmer and Demain, 1983; Demain, 1983c; 
Heim et al., 1984) and the formation of O-demethyl puromycin 
methyltransferase, the last enzyme in the biosynthetic pathway of puromycin 
(Pogell et al., 1976). Glucose represses the formation of penicillin- 
synthesizing enzymes in Penicillium chrysogenum, but it has no effect on the 
activity of the enzymes, suggesting that glucose represses rather than 
inhibits penicillin biosynthesis (Revilla et al., 1984).
In enteric bacteria, carbon catabolite repression of inducible catabolic 
enzymes involves cyclic adenosine 3’,5’-monophosphate (cAMP) as a positive 
effector (Pastan and Adhya, 1976). A high glucose concentration indirectly 
inhibits the activity of adenylcyclase, thereby decreasing the intracellular 
level of cAMP. When present, cAMP interacts with a receptor protein, this 
cAMP receptor protein-cAMP complex binds at the promoter site of target 
operons and activates gene transcription. Whether cAMP is involved in carbon 
catabolite regulation of antibiotic is not really known. It is claimed that 
cAMP relieves glucose repression of N-acetylkanamycin amidohydrolase in 
Streptomyces kanamyceticus (Satoh et al., 1976). cAMP and its binding protein 
have been found in Streptomyces hygroscopicus, the producer of turimycin 
(Gersch et al., 1978). cAMP levels were high during the rapid growth phase of 
S. hygroscopicus and addition of cAMP stimulated growth and interferred with 
antibiotic biosynthesis (Gersch, 1980). The inhibitory effect of 
extracellular cAMP on antibiotic synthesis is thought to be due to phosphate 
regulation. Before streptomycin production in Streptomyces griseus (Ragan and 
Vining, 1978) and chloramphenicol production in venezuelae (Chatterjee and 
Vining, 1982) intracellular cAMP content drops to 10% of its peak level in 
trophophase. Addition of cAMP or its dibutyryl derivative did not reverse 
glucose repression of penicillin biosynthesis in Penicillium chrysogenum 
(Revilla et al., 1981); of phenoxazinone synthase in Streptomyces antibioticus 
(Demain et al., 1983) or of cephalosporin C acetyIhydrolase in Cephalosporium 
acremonium (Hinnen and Nuesch, 1976). These findings suggest that a high cAMP 
level does not relieve repression of antibiotic formation contrary to its 
effect on inducible enzymes in enteric bacteria.
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In resting cells of Streptomyces clavuligerus, the carbon catabolite 
effect on cephem antibiotic production appears to be dependent on protein 
synthesis (Hu et al., 1984). The suppressive effect of the carbon source was 
prevented by the addition of chloramphenicol (or streptomycin), though uptake 
of the carbon source was not affected. It was suggested that the negative 
effect of the carbon source could be due to the formation of an enzyme 
inactivating one or more of the cephem synthetases (Hu et al., 1984).
There is strong evidence that carbon catabolite regulates antibiotic 
production but the mechanisms of these regulatory effects are still very 
poorly understood at the molecular level.
Nitrogen Metabolite Regulation
Since many antibiotics are formed from amino acid precursors, their 
production is expected to be influenced by regulatory processes that control 
nitrogen metabolism. Rapidly utilizable nitrogen sources (especially ammonia) 
repress the formation of many enzymes involved in nitrogen metabolism such as 
nitrate reductase, nitrite reductase, (NAD)-dependent glutamate dehydrogenase, 
extracellular proteases, acetamidase, threonine dehydratase, and enzymes 
dealing with purine degradation, transport of urea and also glutamate and 
histidine usage (Martin, 1978).
Antibiotic production by Cephalosporium acremonium is strongly inhibited 
by high concentrations of ammonium sulphate while L-asparagine and L-arginine 
support antibiotic production (Shen et al., 1984). In the production of 
cephamycin C by Streptomyces cattleya, high titres of antibiotic were obtained 
in nitrogen-limited cultures but nitrogen-sufficient cultures yielded little 
antibiotic (Lilley et al., 1981). In addition, ammonia-limited chemostat 
cultures of cattleya gave maximum cephamycin C production at low specific 
growth rates at which ammonium utilization rates were much reduced. The 
formation of erythromycin by S^_ erythreus has also been found to be repressed 
by ammonium ion (Flores and Sanchez, 1985). In a cell-free system, Brana et 
al., (1983) demonstrated that ammonium chloride represses (rather than 
inhibits) two specific cephalosporin biosynthetic enzymes, one with ring 
cyclization activity, the other involved in ring expansion. These and other 
observations suggest that the biosynthetic machinery responsible for 
antibiotic production is regulated by nitrogen metabolism and is established
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during the trophophase before antibiotics can be detected in the medium.
It is thought that control mechanisms operating at the level of primary 
nitrogen metabolism may also determine the efficiency of the antibiotic 
biosynthetic machinery mainly by affecting the availability of precursors 
required for the biosynthesis of antibiotics (Tyler, 1978). Biochemical 
studies with Streptomyces clavuligerus have shown that ammonium assimilation 
occurs in one of two ways depending on the level of ammonium in the medium 
(Aharonowitz, 1979). When ammonium is limited, glutamine synthetase (GS) and 
glutamate synthase (GOGAT) operate together to produce glutamate:
r - n
L-glutamate + NHg + ATP-------- » L-glutamine + ADP + Pi
Normally when high concentrations of ammonia are available, the enzyme 
glutamate dehydrogenase (GDH) catalyzes the reductive amination of 2- 
ketoglutarate to give L-glutamate (Aharonowitz, 1980). This enzyme has a low 
affinity for ammonia and operates primarily when high concentrations of 
ammonia are available in the medium. However, GDH activity could not be 
detected in extracts of S^_ clavuligerus cells grown under various conditions 
(Aharonowitz and Friedrich, 1980). Instead, it was found that alanine 
dehydrogenase (ADH) reductively aminates pyruvate to yield alanine 
(Aharonowitz and Friedrich, 1980):
The specific activity of GS was high when cells of clavuligerus were 
grown in amino acids such as asparagine or alanine as the sole nitrogen 
source, but the addition of ammonium chloride depressed the GS activity. On 
the other hand, GOGAT was apparently unaffected by ammonium concentration. 
ADH concentration was enhanced by growth on ammonium, alanine or a 
combination of an amino acid and high concentration of ammonium (Aharonowitz,
1980). Mycelial extracts were found to always contain some GS even when grown 
on ammonium chloride as sole source of nitrogen. When the ammonium supply in 
the medium was depleted, GS activity was found to increase to its highest 
value (Aharonowitz, 1980).
L-glutamine + 2-ketoglutarate
GOGAT 
' NADH
■>2 L-glutamate
L-alanine.
13
High specific cephalosporin production in Streptomyces clavuligerus was 
obtained under those conditions that led to high specific GS activity 
(Aharonowitz, 1979). When cells were grown either on asparagine plus ammonium 
chloride or on high concentration of ammonium chloride alone, both GOGAT 
activity and specific cephalosporin production decreased (Aharonowitz, 1979). 
A study of the kinetics of GS activity during the growth of Streptomyces 
cattleya showed a dramatic peak of GS activity at about the same time that 
antibiotic synthesis commenced (Wax et al., 1982). This peak lasted for a 
short period and dropped off sharply. In Streptomyces venezuelae, GS levels 
varied inversely with the supply of ammonium in the culture and rising 
concentrations of the enzyme were associated with increasing rate of 
chloramphenicol synthesis (Vining and Chatterjee, 1982). Wax et al., (1982) 
suggested the existence of a GS modification mechanism in S^ cattleya which 
was indicated by the loss of GS activity after ammonium shock. An 
adenylylated form of GS has been found in S. cattleya (Streicher and Tyler,
1981) indicating that GS activity in SL_ cattleya is regulated by adenylylation 
as in the Gram-negative bacteria (Tyler, 1978).
Although GDH activity was not detected in cultures of S^ _ clavuligerus 
(Aharonowitz and Friedrich, 1980), its activity has been observed in 
Streptomyces noursei, the nourseothricin producer (Grafe et al., 1974). The 
mycelial level of NADP-dependent GDH was found to be markedly elevated while 
the mycelial pool of ammonia decreased. On the other hand, an excess of 
different amino acids, urea or ammonia in the medium led to a drop in both the 
GDH level and antibiotic yield. A high rate of oxidative deamination of amino 
acids during the growth phase caused an accumulation of nitrogen catabolites 
in the medium and the mycelium (Grafe et al., 1981). Nitrogen catabolites may 
exert a repressive effect on secondary metabolism and these effects could be 
reversed by the interaction of anthranilic acid and other effectors with the 
respiratory chain and amino acid transport. The NADP-dependent GDH of S. 
noursei may be involved in this nitrogen metabolite control mechanism (Grafe 
et al., 1981). Shapiro and Vining (1983) are also of the opinion that GDH 
and/or GOGAT are probably linked to a system for repressing secondary 
metabolism.
Extracellular proteolytic activity in Streptomyces clavuligerus is 
regulated by nitrogen (Aharonowitz, 1979). During growth on asparagine as the 
sole nitrogen source, antibiotic production follows an increase in the total 
extracellular proteolytic activity. Ammonium in excess drastically represses
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both cephalosporin and extracellular protease formation. Similarly, Ginther 
(1979) observed cephamycin C production in Streptomyces 1 actamdurans was 
coordinatedly regulated with serine protease formation.
A stimulatory effect of ammonium on streptomycin production was observed 
in Streptomyces griseus batch cultures growing in a glucose-ammonium minimal 
medium with varying initial ammonium concentrations (Inoue et al., 1983). 
This effect of ammonium on streptomycin formation coincided with the 
overproduction of glutamic acid and glutamine (during the growth phase) which 
served as precursors for the antibiotic production. Addition of glutamic 
acid, glutamine and glucosamine individually at the end of the trophophase 
stimulated streptomycin formation (Inoue et al., 1983).
Without any doubt, a correlation exists between the ability of different 
microorganisms to synthesize antibiotics and their physiological state with 
respect to nitrogen assimilation and metabolism. It is noteworthy that when a 
compound such as an amino acid can be utilized as a carbon and nitrogen source 
for the cell, the enzymes involved in its metabolism might be subject to both 
carbon and nitrogen regulation and both regulatory effects may have direct 
consequences on antibiotic biosynthesis. The exact genetic and metabolic 
signals that are responsible for the repressive and inductive steps are not 
yet understood at the molecular level.
Phosphate Regulation
i
Phosphate is considered to be a crucial growth-limiting nutrient in 
secondary biosynthesis. In cultures of Streptomyces aureofaciens, phosphate 
is depleted before the onset of tetracycline production (Martin and Demain,
1980), and detectable quantities of thienamycin were only produced in 
phosphate-limited cultures of Streptomyces cattleya (Lilley et al., 1981). In 
candicidin production by Streptomyces griseus, phosphate must be virtually 
exhausted before antibiotic production. Also, extracellular phosphate 
concentrations remain at low levels during candicidin production (Liras et 
al., 1977). An initial concentration of lOmM phosphate saturates growth 
requirement, and growth continues throughout the fermentation without 
antibiotic production. Liras et al. (1977) therefore concluded that candicidin 
synthesis was inhibited by phosphate.
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The production of cephalosporin by Streptomyces clavuligerus was found to
be sharply reduced when cells were grown at high concentrations of phosphate
(Aharonowitz and Demain, 1977; Lubbe et al., 1985). Although the inhibition
9+of enzyme action could be prevented by increasing the Fe added to cell-free
9+reactions, Lubbe et al. (1984) found that excess Fe could not reverse
phosphate interference of antibiotic synthesis in complete fermentations.
They concluded that the major cause of the phosphate effect in fermentations
9+was phosphate repression, rather than phosphate inhibition due to Fe 
deprivation as suggested by Weinberg (1970, 1974). The negative effect of 
phosphate on antibiotic synthesis was found to be caused by inhibition and/or 
repression of enzymes needed for antibiotic synthesis (Lubbe et al., 1985). 
Of the three cephalosporin synthetases studied, it was found that the ring- 
expansion enzyme was 50% inhibited by high phosphate concentrations (Kupka et 
al., 1983; Lubbe et al., 1985), while the cyclase and epimerase enzymes were 
not repressed under the same conditions.
Phosphate regulates the synthesis of many antibiotics which are 
synthesized via different pathways. It is possible that many different 
mechanisms may exist or a common regulatory effector may act on the various 
biosynthetic pathways (Martin, 1976). It is not known for certain whether 
intracellular orthophosphate is the ultimate effector of phosphate regulation 
or whether it merely regulates the level of some other intracellular effector 
which controls the expression of antibiotic biosynthesis. Candicidin 
biosynthesis in griseus was inhibited by ribonucleotides but not by 
ribonucleosides. This inhibition was found to be caused by the phosphate 
released from the ribonucleotides as a result of nucleotide cleavage (Martin 
and Demain, 1977a,b). Observations of changes in the intracellular cAMP 
concentrations of S. griseus when different levels of inorganic phosphate were 
included in the medium suggested that the phosphate effect was mediated by 
cyclic nucleotides (Martin and Demain, 1977 a). The possibility that the 
phosphate effect observed was mediated by cAMP was ruled out because cAMP 
levels could not be correlated with differences in streptomycin production 
(Terry and Springham, 1981).
Stronger evidence exists, however, for the involvement of adenosine 
triphosphate (ATP) in phosphate regulation of antibiotic synthesis. Addition 
of phosphate to candicidin-producing cells leads to a doubling in the 
concentration of intracellular ATP within 5 minutes (Martin and Demain, 1976). 
This increase occurs before the inhibition of antibiotic synthesis, which is
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detected 15 minutes after phosphate addition. This indicates that ATP may be 
the intracellular effector that controls antibiotic synthesis. This 
suggestion is supported by observations that ATP levels in improved 
tetracycline-producing strains were much lower than in their poor-producing 
ancestral strains (Janglova et al., 1969). Fynn and Davison (1976) also 
suggested the possible involvement of ATP in regulating tyrothricin 
biosynthesis.
Whether ATP concentration or adenylate energy charge in cells is the true 
regulatory parameter of enzymes is still controversial. Energy charge is a 
regulatory parameter coordinating energy utilizing and energy generating 
metabolic pathways of primary metabolism, and is a linear measure of the 
amount of energy stored at any time in the adenylate system (Atkinson and 
Walton, 1967). Quantitatively, energy charge is:
( [ATP] + 1/2 [ADP] ) / ( [ATP] + [ADP] + [AMP] ).
In antibiotic-producing S. griseus, the energy charge increases from 0.8 in 
resting cells to 0.85 after the addition of 10 mM phosphate, whereas 
intracellular ATP concentration doubles or triples (Martin et al., 1978). It 
is possible, though not proven, that a high ATP level interferes with 
antibiotic synthesis. This is suggested by results from time course studies 
on ATP concentration during candicidin fermentations which show a rapid 
decrease in intracellular ATP in griseus just before the onset of 
antibiotic synthesis (Liras et al., 1977).
Phosphate regulation of phosphatases may also be involved in antibiotic 
biosynthesis. In the biosynthetic pathways of some antibiotics, some 
intermediates are phosphory 1 ated while the end products are not, for example 
streptomycin (Miller and Walker, 1970). Generally, phosphatases that cleave 
phosphorylated intermediates are regulated via feedback inhibition or 
repression by inorganic phosphate (Martin and Demain, 1980). Streptomycin 
biosynthesis, which is markedly inhibited by phosphate, involves at least 
three phosphate-cleaving steps in the formation of the streptidine moiety 
(Demain and Inamine, 1970). In excess phosphate, a biologically inactive 
phosphorylated streptomycin (streptomycin phosphate) accumulates in cultures 
of griseus instead of streptomycin (Miller and Walker, 1969). This is due 
to inhibition rather than repression of streptomycin phosphatase by phosphate 
(Walker and Walker, 1971). Phosphatase control also occurs in the
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biosynthesis of neomycin B in Streptomyces fradiae. It involves an alkaline 
phosphatase that is inhibited and repressed by inorganic phosphate (Majumdar 
and Majumdar, 1971).
One method of overcoming the repressive effects of phosphate and ammonium 
salts is by precipitation. By increasing the concentration of magnesium 
sulphate in the production medium which caused a reduction of soluble 
phosphate and ammonium by precipitation, Young et al. (1985) were able to 
increase both the production rates and final titres of lincomycin in batch 
cultures of Streptomyces lincolnensis. The phosphate and ammonium ions were 
precipitated as ammonium magnesium phosphate which served as a source of 
phosphate and ammonium but limited their free concentrations during part of 
the fermentation, thus stimulating lincomycin yield.
Induction
Enzyme induction, a well-known regulatory mechanism in primary metabolism 
is also involved in secondary metabolism. Generally, inducers act when added 
during the growth phase to induce the formation of enzymes required for 
antibiotic synthesis rather than as activators or precursors of preformed 
enzymes.
A classic example of the induction phenomenon is the stimulation of 
streptomycin biosynthesis by A-factor (autoregulatory factor), which has a 
structure totally unrelated to streptomycin. 1 ug of pure A-factor added at 
the time of inoculation to a mutant of Streptomyces griseus blocked in 
streptomycin biosynthesis induced the production of lg of streptomycin. That 
is, it has an induction coefficient (ratio of yield to concentration of 
inducer) of 10^ (Khokhlov and Tovarova, 1979). A-factor also restored the 
ability to produce streptomycin in 114 out of 119 mutants that could not 
synthesize the streptidine moiety. All streptomycin-producing strains of S. 
griseus investigated formed A-factor while mutants unable to synthesize A- 
factor could not produce streptomycin (Khokhlov and Tovarova, 1979). A-factor 
was also found in streptomycin-producing Streptomyces bikiniensis but not in 
Streptomyces albus and Streptomyces mashuensis which also synthesize 
streptomycin (Khokhlov et al., 1973; Khokhlov and Tovarova, 1979). A-factor 
gives a stimulatory effect only when added at the time of inoculation and 
addition after 48 hr produces no activity.
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A-factor influences morpohological differentiation in Streptomyces 
griseus. Antibiotic-producing strains differentiate normally, producing 
aerial spores on solid media or in submerged culture while non-producing 
mutants are not able to differentiate unless they are supplemented with A- 
factor (Khokhlov and Tovarova, 1979). Addition of A-factor also causes the 
formation of well-developed intracellular membranes and tubular structures 
similar to those in the producing strains. The molecular mechanism by which 
A-factor induces streptomycin biosynthesis is not known. It is thought that 
A-factor induces the formation of a compound which inhibits the activity of 
glucose-6-phosphate dehydrogenase in the pentose phosphate pathway, thereby 
causing a preferential transformation of glucose into streptomycin moieties 
(streptidine, streptose and N-methyl-L-glucosamine) instead of undergoing 
oxidation (Khokhlov and Tovarova, 1979). The inhibitor is thought to be 
adenosine diphosphoribose, a breakdown product of NADP by the action of NADP- 
glycohydrolase.
Benzylthiocyanate stimulates tetracycline biosynthesis if added to the 
culture during the first 12hr of a fermentation, before the formation of the 
tetracene nucleus (Hostalek, 1964 a, b, c). This suggests a regulatory effect 
on primary metabolism and/or induction of tetracycline-synthesizing enzymes. 
Methionine stimulates cephalosporin C biosynthesis in Cephalosporium 
acremonium (Drew and Demain, 1975 a, b, c). Other examples of the induction 
phenomenon include the stimulation of phosphomycin (or fosfomycin) 
biosynthesis by methionine (Rogers and Bimbaum, 1974) and the stimulation of 
rifamycin formation in Nocardia mediterranei by diethylbarbiturate (Lancini 
and White, 1973).
Growth Rate
Generally, secondary metabolites are synthesized at low specific growth 
rates (Martin and Demain, 1980). The slow addition of glucose to obtain a low 
growth rate in Penicillium chrysogenum was found to eliminate glucose 
interference with penicillin biosynthesis (Soltero and Johnson, 1954). 
Similarly, slow feeding of glucose stimulates the formation of the polyene 
macrolide antibiotics, candidin and candihexin (Martin and McDaniel, 1974). 
It appears that restricted growth rather than growth limitation through 
depletion of a specific nutrient regulates the rate of chloramphenicol 
synthesis (Shapiro and Vining, 1984).
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In the production of cephamycin C by Streptomyces cattleya (Lilley et 
al., 1981), growth rate alone appears to regulate production. The antibiotic 
was produced at a low growth rate irrespective of the type of nutrient 
limitation employed to produce the low growth rate. Although low growth rate 
was required for thienamycin production by the same organism, a specific 
phosphate deficiency was also needed for optimum antibiotic production (Lilley 
et al., 1981).
Mutant strains of Streptomyces clavuligerus producing high titres of 
cephamycin C were found to always have lower growth rates than the wild type 
strain and antibiotic was detected earlier in the mutants (Aharonowitz et al., 
1984). Similarly, a mutant strain of Streptomyces aureofaciens was found to 
be characterized by lower growth rate and higher tetracycline production than 
its parent strain and it also had a lower efficiency in the utilization of 
phosphate for growth (Colombo et al., 1981). It therefore seems that a low 
specific growth rate must be maintained in an organism to exploit its full 
capacity for antibiotic biosynthesis.
Feedback Regulaticn by Primary Metabolites
Antibiotics are derived from precursors which are themselves products or 
intermediates of primary metabolism. Therefore, the mechanisms controlling 
the supply of these required substrates may affect antibiotic biosynthesis. 
These primary metabolic compounds may be either direct precursors of the 
antibiotics or end products of a branched pathway leading to a primary 
metabolite on one branch and an antibiotic on the other.
An example of a direct precursor limiting the biosynthesis of an 
antibiotic is valine which inhibits penicillin synthesis by feedback 
inhibition. The first enzyme in the valine biosynthetic pathway 
(acetohydroxyacid synthetase) is inhibited by valine through feedback action 
(Goulden and Chattaway, 1969). A high penicillin producing mutant of 
Penicillium chrysogenum was found to be much less sensitive to valine than a 
low-producing strain.
Some biosynthetic pathways of antibiotics share an initial part of the 
pathway with the biosynthesis of a primary metabolite. In these branched 
pathways, the primary metabolite feedback inhibits an enzyme of the common 
pathway and therefore inhibits antibiotic biosynthesis. Thus lysine inhibits
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penicillin production in chrysogenum (Masurekar and Demain, 1972) and 
cephalosporin production by Paecilomyces persicinus P-10 (D’Amato and Pisano,
1972). In P. chrysogenum strain Wis 54-1255, more than 90% of the lysine in 
the medium must be exhausted before penicillin biosynthesis begins (Luengo et 
al., 1979b). The penicillin biosynthetic pathway branches from the lysine 
pathway at the 01 -aminoadipic acid (AAA) stage, and lysine acts at the level 
of homocitrate synthase, the first enzyme in the lysine biosynthetic pathway 
(Friedrich and Demain, 1977; Luengo et al., 1979b). The molecular mechanism 
of lysine feedback regulation in R_ chrysogenum has been found to involve both 
inhibition of homocitrate synthase activity and repression of its synthesis 
(Luengo et al., 1980).
The interrelationship between lysine metabolism and AAA is very different 
in the actinomycetes. Here AAA is a catabolic product of lysine and not an 
intermediate in lysine biosynthesis (Kirkpatrick et al., 1973). In the 
production of cephamycin C by Streptomyces clavuligerus, addition of lysine, 
AAA and diaminopimelic acid (DAP) to chemically defined media doubled 
production (Mendelovitz and Aharonowitz, 1982). This suggested the release of 
enzymes involved in lysine biosynthesis from feedback effects, leading to an 
increase in the intracellular pool of free amino acids, which stimulated 
antibiotic synthesis. Mendelovitz and Aharonowitz (1982) found that, (i) 
aspartokinase (AK), the first enzyme in the lysine biosynthetic pathway was 
subject to concerted feedback inhibition by lysine and threonine; (ii) 
dihydropicolinate (DDP)-synthetase, the first specific enzyme of the lysine 
biosynthetic branch, was not inhibited by lysine but was partially inhibited 
by high concentrations of AAA and DL-meso-diaminopimelic acid (DAP); and (iii) 
biosynthesis of DAP-synthetase was slightly reduced upon addition of DAP. 
These observations suggest that AK activity controls the carbon flow to 
lysine. Mutants resistant to the lysine analogue S-( 2-aminoethyl) -L-cysteine 
(AEC) included many with altered AK which was insensitive to concerted 
feedback inhibition by threonine and lysine (Aharonowitz et al., 1984). These 
mutants contained total free amino acid pool contents considerably higher than 
those found in the wild type. DAP accounted for 10-20% of the total free 
amino acid pools whereas it was only 0.5% in the wild type strian. Cephamycin 
C production was 2 to 5 times higher in the mutants than in the wild type 
strains (Aharonowitz et al., 1984).
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The increase in DAP rather than lysine or AAA is probably due to 
inhibition of DAP-decarboxylase activity by lysine, as suggested by 
Kirkpatrick et al. (1973). Regulation of DAP-decarboxylase is thought to be 
important for the cell in order to ensure efficient cell wall formation. DAP- 
decarboxylase is feedback inhibited by lysine (Aharonowitz, 1983) though the 
inhibition is incomplete even at high lysine concentrations. The feedback 
inhibition of DAP-decarboxylase by lysine suggests this could also be a rate- 
limiting step in the flow of carbon towards AAA and this could determine the 
rate of antibiotic synthesis. This would also explain the observation that 
DAP accumulated in mutants possessing impaired regulation of AK.
In the studies of lysine control of p-lactam antibiotic synthesis in 
fungi and streptomycetes, two opposite results have been obtained. While 
lysine analogue-resistant Penicillium chrysogenum mutants over-produced lysine 
and underproduced penicillin (Masurekar and Demain, 1974), lysine analogue- 
resistant Streptomyces clavuligerus strains accumulated DAP and over-produced 
cephamycin C (Aharonowitz et al., 1984).
Termination of Antibiotic Biosynthesis
After a normal or prolonged period of active antibiotic synthesis, the 
rate of antibiotic formation decreases with time. Antibiotic biosynthesis may 
stop for two main reasons: (i) irreversible decay of one or more enzymes of 
the pathway, which may occur at the primary or secondary metabolic level, and 
/ or (ii) feedback effects of the antibiotic produced.
The activity of peptide antibiotic synthetases decreases rapidly a few 
hours after the onset of antibiotic production. Tyrocidine synthetase 
activity disappears from the soluble portion of Bacillus brevis cells and 
appears to associate with the forespore membrane during sporulation (Lee et 
al, 1975). This membrane-bound synthetase activity associated with the 
forespore disappears a few hours later. This may represent natural 
immobilization which protects the enzyme complex against proteolytic 
activities appearing at the end of the growth phase (Schaeffer, 1969). 
Inactivation of gramicidin S synthetase requires oxygen and is independent of 
protease action and of energy metabolism (Friebel and Demain, 1977 a, b). 
This oxygen-dependent inactivation may involve oxidation and inactivation of 
some of the sulphydryl groups that exist in gramicidin S synthetase (Laiand 
and Zimmer, 1973). Removal of oxygen by sparging with nitrogen prevents
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inactivation of gramicidin S synthetase (Eriebel and Demain 1977 a, b). Thus 
a high degree of oxygen transfer during exponential growth followed by a 
moderate degree of oxygen transfer during stationary phase, might improve 
gramicidin S production.
Many antibiotics inhibit their own biosynthesis. In mycophenolic acid 
biosynthesis by Penicillium stoloniferum, the end product inhibits S- 
adenosylmethionine: demethylmycophenolic acid O-methyltransferase, the enzyme 
that catalyzes the final step in the synthesis of mycophenolic acid (Muth and 
Nash, 1975). Similarly puromycin inhibits S-adenosylmethionine : 0- 
demethylpuromycin O-methyltransferase, the last enzyme of its biosynthetic 
pathway (Sankaran and Pogell, 1975). Feedback inhibition of arylamine 
synthetase, the first enzyme unique to the biosynthesis of chloramphenicol 
limits the production of the antibiotic (Jones and Vining, 1976). The enzyme 
is fully repressed when the chloramphenicol concentration in the medium 
reaches 100 mg/1. Kanamycin inhibits its own biosynthesis by repressing an 
acetyl transferase involved in the biosynthesis (Satoh et al., 1975). Other 
antibiotics which limit their own biosynthesis include aurodox (Liu et al., 
1977), cycloheximide (Kominek, 1975 a, b) and candihexin (Martin and 
McDaniel, 1974).
The level of antibiotic which is inhibitory for its own biosynthesis in a 
particular producer strain is generally thought to be similar to the 
production levels of the strain.
THE ACTINOMYCETES
The actinomycetes comprise a group of branching unicellular 
microorganisms belonging to the order Actinomycetales. The common feature of 
this varied group of bacteria is the formation of hyphae at some stage of 
their development. They form a mycelium which may be of one type (substrate 
or vegetative), or of two kinds (substrate and aerial). They reproduce by 
fission or by means of special spores or conidia.
The taxonomic position of the actinomycetes, notably their relationship 
to the bacteria on one hand and to the fungi on the other, has been one of the 
most debatable questions in microbiology. While bacteriologists consider them
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as bacteria, the mycologists have in the past taken them to be fungi. Others 
thought of them as a separate group of microorganisms occupying a position 
between the true fungi and the true bacteria. It was even suggested by some 
that they form the original prototypes from which both fungi and bacteria were 
derived. As a result of their prokaryotic morphological, physiological and 
biochemical characteristics, the actinomycetes are now classified with the 
true bacteria. Actinomycetes and bacteria do not have true nuclei, they both 
contain only chromatin granules distributed through the hyphae of the cells. 
Actinomycetes are subject to attack by phages just as bacteria but filamentous 
fungi are not subject to such attacks. Actinomycetes are sensitive to most 
antibacterial antibiotics but are resistant to many antifungal antibiotics. 
Chitin and cellulose are absent from the cell walls of actinomycetes and 
bacteria while both are present in fungal mycelia and spores. Also the 
chemical composition of the actinomycetes points to their similarities to the 
true bacteria (Waksman, 1967).
The Occurence of Actinomycetes in Nature.
Actinomycetes are found in virtually every natural substrate, such as 
soils and composts, fresh water, foodstuffs and the atmosphere of these 
habitats; soil has the greatest population density while deep seas do not 
offer a very favourable habitat (Okami and Okazaki, 1978; Lechevalier, 1981). 
The population of actinomycetes vary in different soils but in most fertile 
soils from many different parts of the world, approximately 5 x 10^ propagules 
per gram of soil have been found on average (Taber, 1960). They occur in 
greatest numbers in the top few inches of the soil and decrease with depth 
(Waksman and Purvis, 1932; Keast et al., 1984a). They tend to favour alkaline 
or neutral soils and are sensitive to acid at pH 5.0 or less, so high 
populations are not found in acidic soils (Taber, 1960). Though they have 
not been found in soils in tundra regions and in salt deserts, being spore- 
formers, they can be isolated in most places and on many natural materials 
(Al-Diwany and Cross, 1978).
In the soil, actinomycetes occur in the spore stage as well as in the 
mycelial stage. Mycelia develop more abundantly at a temperature range of 28 
to 37°C. At lower and higher temperatures, the mycelium undergoes 
fragmentation, producing spores. Sporulation is also favoured by a dry 
atmosphere. When soil is enriched by the addition of organic matter there is 
extensive actinomycete development due to the introduction of a fresh supply
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of available nutrients (Waksman, 1967; Williams et al., 1984).
Factors which affect the abundance of actinomycetes in the soil are the 
amount of organic matter, relative moisture content, temperature, aeration, 
soil vegetation and soil pH. The actinomycetes are less favoured by a high 
moisture content than are the bacteria and are able to grow well at relatively 
low moisture levels, even at 15 to 20% of the moisture holding capacity of the 
soil (Waksman, 1967; Williams et al., 1984).
Actinomycetes may cause diseases in man and lower animals as a result of 
exogenous infection due to the consumption of grasses and foodstuffs 
containing actinomycete spores and mycelium, or of endogenous infection due to 
the presence of spores and mycelium as regular inhabitants of the healthy 
mouth. In man, Actinomyces israelii is found in the mouth, pharynx and 
intestine, while A^ _ bo vis and some other actinomycetes are found in the 
gastrointestinal parts of many animals (Waksman, 1967). A^ bovis is believed 
to be an obligate inhabitant of the intestinal system of animals. 
Actinomycetes have also been found in some insects (Bignell et al., 1981).
The Imparlance of Actinomycetes
One of the ecological roles of actinomycetes in soils is the 
decomposition of organic matter (Williams, 1966). They play an important part 
in the decomposition of plant and animal residues in composts of plant 
materials and stable manures. They also impart a granular visible structure to 
soils which is conducive to crop production by binding clay particles with 
their hyphal threads. Actinomycetes, for example Frankia, living as endophytes 
in root nodules of certain shrubs and trees can fix nitrogen in situ (Becking, 
1970). Actinomycetes are thought to be geological agents aiding geological 
transformation by their ability to reduce sulphate to hydrogen sulphide and 
producing ammonia which favours the precipitation of calcium carbonate 
changing the soil pH to alkaline (Waksman, 1967). The actinomycetes are 
undoubtedly responsible in part for the earthy odour of soil (Gerber and 
Lechevalier, 1965). The actinomycetes contain species that are pathogenic to 
man, animals and plants. It is because of their ability to produce 
antibiotics that the actinomycetes are perhaps best known. With the exception 
of a few antibiotics produced by fungi e.g. penicillin and cephalosporin, and 
a few produced by bacteria e.g. bacitracin and polymyxin, all other 
antibiotics that are medically useful and have a wide application are
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synthesized by actinomycetes. The distribution of commercially important 
antibiotics among the various groups of microorganisms show that 69.7% are 
produced by actinomycetes, fungi produce 19.5% and bacteria account for 10% 
(Bushell, 1983). The importance of antibiotic production by actinomycetes may 
further be appreciated by the different uses that antibiotics have been put to 
- in the treatment of plant, animal and human diseases, in food preservation, 
in animal nutrition and for scientific research purposes. Apart from 
antibiotics, actinomycetes produce many other secondary metabolites which have 
found useful applications e.g. vitamin B-^ and diastatic enzymes.
Actinomycetes have, therefore, gained an important place among the major 
groups of microorganisms affecting the life and economy of man in numerous 
ways. Their role in the cycle of life in nature can only be generalised but 
its significance is beyond any doubts.
THE GENUS STREPTOMYCES
Among all the genera of actinomycetes, more Streptomyces species have 
been described than any other genus. The Streptomyces species exhibit great 
variety in their morphology, physiology and biochemical activities. The fact 
that the majority of antibiotic producing actinomycetes are found among the 
streptomycetes has made them a very important group of organisms.
The streptomycetes are aerobic actinomycetes which form well-developed 
and extensively branching substrate and aerial mycelium (Gross and Goodfellow,
1973). The diameter of the hyphae is usually between 0.7 and 0.8u. The 
hyphae vary greatly in length, some are long with limited branching, others 
are short but much branched. The substrate mycelium is non-septate, 
particularly in young cultures. Propagation occurs by means of spores or 
fragments of mycelium. Spores or conidia are produced in special spore- 
bearing hyphae (or sporophores) which arise from the aerial mycelium. Spores 
are formed by compartmentalisation of the cell protoplasm within the cell 
wall. Sporulation begins at the top of the aerial spore-bearing hyphae and 
proceeds towards the base. The spores are usually spherical and between 0.5 
and 2.0u in diameter (Kurylowicz et al., 1975). The surfaces of the spores 
may be smooth, warty or hairy (Waksman, 1967).
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On artificial solid media, the substrate mycelium of most streptomycete 
colonies are smooth or lichenoid, hard and densely textured, may be raised and 
adhere tightly to the medium. They are usually covered wholly or partially by 
aerial mycelium, which may be pigmented, the nature and intensity of the 
pigment depending on the species and on the medium composition.
The streptomycetes have a variety of biochemical and physiological 
characteristics which are useful in their classification into subgenera and 
species. Their ability to utilize various organic compounds such as 
carbohydrates, alcohols, salts or organic acids, fats and amino compounds as 
sources of carbon is thought to be of considerable diagnostic value. 
Production of specific enzymes, including diastase, invert ase, lipase, inulase 
and steroid-oxidising systems is also of importance. Streptomycetes carry out 
certain chemical changes such as proteolytic activity (eg. liquefaction of 
gelatin and peptonization of milk), nitrate reduction and ammonia formation as 
well as pigmentation (tyrosinase reaction). Other characteristics of 
streptomycetes which may be of taxonomic use include their sensitivity to 
phages, sodium chloride and antibiotics. Their ability to produce antibiotics 
is also useful (Waksman, 1967).
Variability of Stoeplomyces species
Streptomycetes are highly variable. The factors that influence their 
variability include the previous history of the culture, nutritional 
conditions, genetic constitution and environmental factors. Different 
species, or even strains, differ in this respect, some resisting variation and 
others readily undergoing changes. Among the most variable properties of 
streptomycetes, one may include degree of sporulation and colour of spores, 
surface and margin of colony, colony sectoring, amount and colour of exudate 
on colony surface, and also amount and colour of soluble pigment released in 
substrate. Others are susceptibility of the culture to phage and lysis and 
production of antibiotics. Some strains may retain the capacity to give high 
antibiotic yields while others may lose it as a result of variation. (Waksman, 
1967).
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STREPTCMYCES CATTLEYA AND ANTIBianC FRCDUCTICN
cattleya (NEEL 8057)
Streptomyces cattleya was isolated from a soil sample from New Jersey, 
USA in a screen of soil microorganisms for inhibitors of peptidoglycan 
synthesis (Kahan et al., 1979). The most striking feature of the organism 
when grown on various solid media is the orchid pigmentation of the sporulated 
aerial mycelium from which the species derived its name (Kahan et al., 1979).
S. cattleya produces both aerial and substrate mycelia when grown on 
solid medium. The substrate mycelium is tan in colour, flat and spreading. 
On the other hand the aerial mycelium in young colonies is white turning 
purple (usually mixed with some white as it grows older). The substrate 
mycelium is made up of branching ncn-septate hyphae while the aerial mycelium 
is made up of sporophores arranged in compact spirals, occuring as side and 
terminal branches on the aerial mycelium. Spores are' ellipsoidal to 
cylindrical in shape, 0.9 to 1.2u in length, have smooth surfaces and occur in 
chains of more than 10 (Kahan et al., 1979).
Streptomyces cattleya is an aerobic Gram-positive organism which gives 
moderate starch hydrolysis, positive casein hydrolysis and alkaline 
peptonization of milk, moderate gelatin liquefaction, does not produce I^S but 
reduces nitrate, and also grows and sporulates well at 28°C (Kahan et al., 
1979). While it could utilize glucose, mannitol, fructose, xylose, maltose, 
mannose and sucrose, it could not use arabinose, cellulose, inositol, lactose, 
raffinose and rhamnose as carbon sources (Kahan et al., 1979).
Although Kahan et al. (1979) did not observe any melanin production on 
solid agar, Bushell and Fryday (1983) have observed and measured melanin 
production by cattleya in submerged culture under carbon limitation.
Antibiotic Production in Batch Culture by S. cattleya
Streptomyces cattleya is the only known producer of thienamycin, a 
potent, broad spectrum p-lactam antibiotic and p-lactamase inhibitor (Kahan et 
al., 1979). In addition to thienamycin, cattleya also produces cephamycin 
C, N-acetylthienamycin, penicillin N (Kahan et al., 1979), northienamycin, 8-
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epithienamycin (Wilson et al., 1983) and a cyclopentenediooe antibiotic (Noble 
et al., 1978).
As with many antibiotic fermentations, the maximum production rate of 
thienamycin was found to occur only after the depletion of the major 
carbohydrate source (Kahan et al., 1979). The production of antibiotic 
compounds by cattleya has been found to be sequential (Bushell and Fryday, 
1983). The cyclopentenedione compound was first detected between 50 and 55hr. 
Melanin production followed between 55 and 73hr, cephamycin C production then 
took place between 70 and 115hr and thienamycin production started at about 
115hr. A stepwise increase was observed in the respiratory quotient during 
the batch culture, each increase coinciding with the first detection of a new 
product (Bushell and Fryday, 1983). Peak thienamycin production of 4 ug/ml 
have been reported in cultures at 28°C (Kahan et al., 1979; Foor et al., 
1982). Production at higher temperatures are poor (Foor et al., 1982) 
probably as a result of thienamycin being temperature sensitive (Kahan et al., 
1979).
The effects of nutrient regulation of antibiotic production by S. 
cattleya has been studied by various workers. Foor et al. (1982) found that 
thienamycin production began sooner in cultures containing low levels of 
glycerol than in those containing a high level. Bushell and Fryday (1983) 
observed that the production of secondary metabolites by cattleya was 
initiated by the limitation of glucose. This is consistent with the fairly 
common observation that deprivation of a preferred carbon source leads to the 
onset of antibiotic production (Aharonowitz and Demain, 1978; Martin and 
Demain, 1980). Glucose and glycerol have been found to be comparable as 
carbon sources for antibiotic production by cattleya (Foor et al., 1982).
Lilley et al. (1981) found that cephamycin C production was optimal 
irrespective of whether phosphate, nitrogen or carbon was limiting in the 
cultures. They therefore proposed that cephamycin C production could be 
regulated by phosphate, nitrogen or carbon mediated control. However, ammonia 
concentration in excess of growth requirements severely repressed the 
production of cephamycin C (Lilley et al., 1981). Bushell and Fryday (1983) 
observed that cephamycin C production was Initiated when ammonia concentration 
in the medium was limiting. The production of cephamycin C by Streptomyces 
clavuligerus has also been reported to be ammonia (nitrogen) regulated (Romero
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et al., 1984). In comparison, ammonia nitrogen was more repressive than 
nitrate nitrogen to cephamycin C production (Lilley et al., 1981).
In batch and chemostat studies, thienamycin production was found to be 
’growth dissociated’ and only gave detectable amounts of antibiotic during 
phosphate-limited growth (Lilley et al., 1981). It was thought therefore that 
thienamycin was a phosphate regulated product. This was shown to be true in 
liquid batch culture (Bushell and Fryday, 1983) as well as on solid medium 
(Foor et al., 1982).
Cyclopentenedione
The cyclopentenedione compound produced by cattleya is a 2-hydroxy-2- 
hydroxymethylcyclopent-4-ene-l,3-dicne (Noble et al., 1978). It is a yellow 
crystalline antibiotic soluble in water, methanol, acetone and to a lesser 
extent some other organic solvents. In solution at pH values greater than 7, 
antibiotic activity is lost (Noble et al., 1978).
0
OH
0
Figure I. Structure of cyclopentenedione (Noble et al., 1978)
The biological properties of the cyclopentenedione includes moderate 
activity against Gram-positive organisms, weak activity against Gram-negatives 
and no activity against fungi. It is toxic to mice when peritoneally injected 
(Noble et al., 1978).
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Cephamycin C
Stapley et al. (1972) discovered a new family of cephem antibiotics which 
they called the cephamycins. The cephamycins are characterized by the 
presence of a methoxy group in addition to D-0(-aminoadipic acid on the 7- 
carbon atom of the cephem nucleus. They have a variety of substitutions on 
the 3-carbon atom as shown below.
Cephamycin
C -N H2
Figure II. Structures of cephamycins A, B, and C (Stapley et al., 1972)
The ability to synthesize cephamycins is widely distributed among the 
streptomycetes. For example, Streptomyces griseus and S^_ fimbriatus produce a 
mixture of cephamycin A and B while S^ clavuligerus and S^ lactamdurans 
produce cephamycin C (Stapley et al., 1972). Streptomyces cattleya produces 
cephamycin C but not A or B (Kahan et al., 1979).
The cephamycins inhibit a wide variety of Gram-positive and Gram-negative 
organisms though no activity was observed against Streptococcus faecalis, 
Pseudomonas aeruginosa and Serratia marcescens at the test concentrations used 
(Stapley et al., 1972). The antibacterial spectrum of cephamycin A and B are 
very similar. Though cephamycin C has a much higher potency than either 
cephamycin A or B its antibacterial activity is exhibited against a more 
restricted range of bacteria. Cephamycin C has good antibiotic activity 
against most Gram-negative bacteria, but only very low activity against Gram- 
positive strains (Stapley et al., 1972).
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An interesting characteristic of the cephamycins is their ability to 
resist enzymatic degradation by cultures known to produce cephalosporinases. 
This indicates that though the cephamycins are chemically related to the 
cephalosporins, there is some chemical difference which contributes to 
resistance to enzymatic degradation. Stapley et al., (1972) suggested the 
presence of the methoxy group on the 7-carbon of the p-lactam ring to be 
responsible for this difference in sensitivity to enzymatic attack by 
cephalosporinases.
The mode of action of the cephamycins is thought to involve the 
inhibition of cell wall synthesis. The formation of spheroplasts in several 
Gram-negative organisms when subjected to 5ug/ml or more of cephamycin A, B or 
C pointed this to be the most probable mechanism of action (Stapley et al.,
Thienamycin
Thienamycin was discovered along with S^ cattleya in the course of 
screening soil microorganisms for the production of inhibitors of 
peptidoglycan synthesis in Gram-positive and Gram-negative bacteria (Kahan et 
al., 1979).
1972).
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NH2
co2h
Figure III. Structure of thienamycin (Kahan et al., 1979)
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Thienamycin was the first structurally-elucidated member of a family of 
des-thia-carbapenem nucleus antibiotics in which the enamine portion of the 
fused five-membered (azetidinone) ring bears a thio-enylamine moiety (Albers- 
Schonberg et al., 1978). The name 'thienamycin' was described from this 
structural feature (Kahan et al., 1979). The azetidinone ring in thienamycin 
and other carbapenem antibiotics is directly alkylated by a hydroxy-ethyl 
group in place of the classical acylamide found in other p-lactam antibiotics 
(Kahan et al., 1979). Also of significance is the unique arrangement of 
substituents about the azetidinone ring in a trans-configuration; as opposed 
to the cis-configuration found among all natural penicillins and 
cephalosporins (Kahan et al., 1979). It is thought that this stereochemistry 
probably contributes to the p-lactamase stability of thienamycin (Gorman and 
Huber, 1978).
On isolation, thienamycin is a white hygroscopic solid, freely soluble in 
water and sparingly soluble in methanol (Kahan et al., 1979). In aqueous 
solutions, thienamycin is most stable between pH 6 and 7 and stability 
decreases rapidly outside this range. At acidic pH 2 to 5 the stability of 
thienamycin is comparable to that of benzylpenicillin (Kahan et al., 1979). 
Between pH 6 and 8, zwitterionic substituted morpholines such as 2-(N- 
morpholino) ethane sulphonate and 3-(N-morpholino) propane sulphonate were 
found to provide maximum stability even at concentrations of up to 1M (Kahan 
et al., 1979). At concentrations above lOmg/ml thienamycin is rapidly 
inactivated regardless of the buffer used. Kahan et al. (1979) postulated 
that this was due to aminolysis of the p-lactam by the primary amine of a 
second thienamycin molecule. This accelerated inactivation of thienamycin in 
concentrated solutions and its inherent instability in solution made 
thienamycin on its own unsuitable as a practical therapeutic agent. However, 
its outstanding biological activities inspired research into chemical 
modification which resulted in the production of the N-formimidoyl derivative 
of thienamycin (Leanza et al., 1979).
N- formimidoylthienamycin (MK0787 or imipenem) is an amidine derivative of 
thienamycin. It is crystalline and has greater stability in both solid state 
and solution (Leanza et al., 1979).
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Figure IV. Structure of N-formimidcyl thienamycin (Knopp et al., 1980)
Spectrum of Activity of Thienamycin
Thienamycin is a very potent broad spectrum antibiotic with comparable or 
even greater activity than the penicillins against Gram-positive species and 
the aminocyclitols against Gram-negative strains including Pseudomonas 
aeruginosa (Tally et al., 1978). Many clinical isolates of Escherichia coli, 
Pseudomonas aeruginosa, Proteus mirabilis, Klebsiella aerogenes and Serratia 
marcescens which were resistant to other antibiotics were found to be 
inhibited by 25ug or less of thienamycin (Tally et al., 1978; Weaver et al., 
1979). The activity of thienamycin against anaerobes including Bacteroides 
fragilis and Clostridium sp is comparable to that of metronidazole (Tally et 
al., 1978).
The N-formimidoyl derivative of thienamycin does not have the 
physicochemical problems of the parent antibiotic but retains the desirable 
antibacterial properties including anti-pseudomonal activity and lack of 
cross-resistance (Neu, 1983). N-formimidoyl thienamycin is active against many 
clinical strains of Gram-positive cocci, including drug resistant strains e.g. 
methicillin-resistant Staphylcoccus aureus and Streptococcus faecalis (Horadam 
et al., 1980; Neu and Labthavikul, 1982; Cullmann et al., 1982; Witte et al.,
1982). The activity of N-formimidoyl thienamycin against Gram-negative 
bacteria is very impressive. It inhibits a wide range of Gram-negatives
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including Pseudomonas aeruginosa, Proteus mirabilis, P. vulgaris, Klebsiella 
aerogenes and IC_ pneumoniae (Kropp et al., 1980; Horadam et al., 1980; Michael 
et al., 1981; Neu and Labthavikul, 1982; Cullman et al., 1982). N- 
formimidoyl thienamycin is very active against anaerobes including Bacteroides 
fragilis, B. vulgatus, Fusobacterium sp, Peptococcus sp, Clostridium 
perfringens and C. dificule (Kropp et al., 1980; Martin et al., 1982; Neu and 
Labthavikul, 1982; Kesado et al., 1982; Owens and Finegold, 1983). Some other 
important organisms found to be susceptible to N-formimidoyl thienamycin 
include Neisseria meningitidis, N. gonorrhoeae (Dudek et al., 1982), 
Campylobacter fetus subsp jejuni (Ahonkhai et al., 1981) and Nocardia 
asteroides (Cynamon and Palmer, 1981). N- formimidcyl thienamycin is remarkably 
active against p-lactamase producing organisms and is also an effective 
inhibitor of p-lactamases (Toda et al., 1980; Richmond, 1981; Neu and 
Labthavikul, 1982).
Though many workers have reported good in vitro activity of N- 
formimidoylthienamycin against many species, Auckenthaler et al. (1982) 
observed a lack of in vitro and in vivo bactericidal activity of N- 
formimidoylthienamycin against enterococci causing endocarditis.
Clinical Importance of Thienamycin
N-formimidoyl thienamycin has better in vivo activity than thienamycin and 
has better systemic persistance since it has a lower rate of renal clearance 
(Kropp et al., 1980). Since N-formimidoyl thienamycin (also referred to as 
imipenem) is hydrolysed by the kidney enzyme dehydropeptidase-1 (Kropp et 
al., 1982), it is administered in combination with cilastatin (MK0791), a 
specific and highly active dipeptidase inhibitor (Kahan et al., 1983); 
resulting in improved pharmacokinetics, urinary recovery and higher 
concentration in plasma (Norrby et al., 1983). The imipenem-cilastatin 
combination has been found to be effective and non-toxic in neonates (Freij et 
al., 1985; Gruber et al., 1985) and in seriously ill adults (Baumgartner and 
Glauser, 1983; Zajac et al., 1985). As a result, this combination is thought 
to be ideally suited for the treatment of polymicrobial infections, offering 
an extremely broad spectrum activity against aerobic and anaerobic organisms, 
combined with the low level of toxicity of p-lactam antibiotics.
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Mode of Action of Thienamycin
Thienamycin, like penicillin is a cell wall inhibitor causing very rapid 
spheroplast formation in many bacteria. It generates stable round Escherichia 
coli cells at 0.1 ug/ml in contrast to clavulanic acid which produces lemon­
shaped cells at 30 ug/ml (Spratt et al., 1977). Thienamycin has been shown to 
bind to the penicillin binding proteins (PBPs), the binding being strongest to 
protein 2 and weakest to protein 3 (Spratt et al., 1977). The reduction of 
the affinity of thienamycin for PBP-2 alone by mutation was found to lead to a 
decrease in the susceptibility of E. coli to thienamycin (Spratt, 1978). N- 
formimidoylthienamycin has higher binding affinities for the PBPs than 
thienamycin, though the binding affinity for PBP-2 is highest and lowest for 
PBP-3 (Spratt, 1978).
Moore et al. (1979) found that the inhibition of transpeptidase activity 
by thienamycin in &_ coli was commensurate with antibacterial activity. It 
was thought, therefore, that the effects of thienamycin on cell wall synthesis 
was due to the inhibition of transpeptidase and its irreversible binding to 
penicillin-binding protein 2. N-formimidoylthienamycin has been shown to 
inhibit the transpeptidase activities of PBPs-IA,-IB and -2 and the D-alanine 
carboxypeptidase activities of PBPs-4 and -5 (Hashizume et al., 1984a). The 
weak inhibition of the transpeptidase activity of PBP-3 by N- 
formimidoylthienamycin was found to be consistent with its low binding 
affinity to PBP-3.
ANTIBIOTICS RELATED TO THIENAMYCIN
Thienamycin was the first member of a family of related carbapenem 
antibiotics to be discovered and structurally elucidated. The family includes 
the olivanic acids, epithienamycins, northienamycin and other derivatives and 
isomers of thienamycin.
N-aoetylthienamycin
N-acetyl thienamycin is co-produced with thienamycin by cattleya in 
trace amounts (Kahan et al., 1979). A mutant of cattleya induced by N- 
methyl-N' -nitro-N-nitrosoguanidine which produces more substantial quantities 
of N-acetylthienamycin without the production of thienamycin has been isolated 
by Rosi et al. (1981).
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N-acetyl thienamycin has about 12.5% of the potency of thienamycin (Kahan 
et al., 1979) and it has been suggested that the reduced potency is as a 
result of the N-acetyl group (Stapley et al., 1981). Its antimicrobial 
spectrum is similar to that of thienamycin but there is a marked reduction of 
activity against Staphylococcus aureus and Pseudomonas sp (Stapley et al.,
1981). The resistance of N-acetyl thienamycin to ^ -lactamases is comparable to 
that of thienamycin (Stapley et al., 1981).
The Epithienamycins
The epithienamycins were isolated from newly discovered strains of 
Streptomyces flavogriseus (Stapley et al., 1981). Other streptomycete 
cultures have been found to produce epithienamycins (Stapley et al., 1981), 
including S^ cattleya (Wilson et al., 1983).
Figure V. Structure of 8-epithienamycin (Wilson et al., 1983).
They are called epithienamycins because they contain the same bicyclic 
ring system as thienamycin, but are all epimeric to thienamycin in at least 
one asymetric centre (Cassidy et al., 1981).
The epithienamycins show activity in vitro against a broad spectrum of 
bacterial species (Stapley et al., 1981). Discounting overall absolute 
potency differences, their spectrum of activity is similar to that of N- 
acetylthienamycin, with small but significant variation on some strains 
(Stapley et al., 1981). They have reduced activity against Pseudomonas 
species and their potency relative to thienamycin is lower. The most potent, 
epithienamycin B, being only 63% as potent as thienamycin (Stapley et al.,
1981). The epithienamycins vary in their resistance to p-lactamase from 
Bacillus cereus. Epithienamycins A and B are relatively susceptible while
HO
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37
epithienamycins C and D are relatively resistant (Stapley et al., 1981). 
Their ability to induce spheroplast formation in hypertonic media indicate 
they exert their antimicrobial activity by inhibiting cell wall synthesis 
(Stapley et al., 1981).
8-epithienamycin, co-produced with thienamycin by S^ cattleya shows only 
11% potency (compared with thienamycin), but has better activity against 
Pseudomonas strains than the other epithienamycins, probably due to the amino 
group in the cysteaminyl side chain (Wilson et al., 1983).
Northienamycin
Northienamycin is also co-produced with thienamycin by S^ cattleya. It 
has a trans p-lactam stereochemistry and the simple unsubstituted cysteamine 
side chain of thienamycin (Wilson et al., 1983). Northienamycin is the first 
example of a carbapenem antibiotic with a one carbon side chain at carbon 6 
(Wilson et al., 1983). Northienamycin has good broad spectrum activity 
against a range of organisms including Pseudomonas aeruginosa similar to 
thienamycin, though relatively, it has a lower potency, about 22% that of 
thienamycin (Wilson et al., 1983).
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Figure VI. Structure of northienamycin (Wilson et al., 1983)
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The Olivanic acids
The olivanic acids were discovered during a screen of soil microorganisms 
for p-lactamase inhibitors. They were initially isolated from Streptomyces 
olivaceus but have subsequently been known to be produced by many other 
streptomycetes e.g. S^_ argenteolus, S. flavus and fulvoviridis (Butterworth 
et al., 1979).
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Figure VII. Structure of the olivanic acids (MM4550, MMQ.3902 and MM17880) 
(Hood et al., 1979)
The olivanic acids have broad spectrum activity against a wide range of 
test organisms, though they showed no activity against penicillin resistant E. 
coli and Staphylococcus aureus (Butterworth et al., 1979? Hood et al., 1979). 
The most important characteristic of the olivanic acids is their ability to 
inhibit the p-lactamases produced by a range of Gram-positive and Gram- 
negative organisms. The inactivation of p-lactamases by olivanic acids is a 
progressive one even at high dilutions, distinguishing the olivanic acids from 
other inhibitors which are penicillins or cephalosporins (Butterworth et al., 
1979). In combination with p-lactamase sensitive antibiotics, they offer
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protection by inhibiting p-lactamase activity (Butterworth et al.,, 1979). 
Some members of the olivanic acids are thought to be identical to the 
epithienamycins (Stapley et al., 1981).
Clavulanic acid
Clavulanic acid is not a carbapenem antibiotic. It is one of the many 
antibiotic substances present in cultures of Streptomyces clavuligerus. The 
structure is similar to that of penicillin but differs in that it has an 
oxygen instead of a sulphur, contains a p-hydroxyethylidine substituent in the 
oxazolidine ring and has no acyl amino side chain (Reading and Cole, 1977).
Figure VIII. Structure of clavulanic acid (Reading and Cole, 1977)
Clavulanic acid has a low degree of antibacterial activity against 
Staphylococcus aureus, Enterobacteriaceae, Pseudomonas aeruginosa, Bacteroides 
fragilis, Haemophilus influenzae and Neisseria gonorrhoeae in tests; but has 
excellent synergistic activity with ampicillin and other p-lactam antibiotics 
against many test strains (Neu and Fu, 1978). Though clavulanic acid has weak 
broad spectrum antibacterial activity, its most important characteristic is 
its ability at low concentrations to inhibit many clinically important p- 
lactamases from both Gram-negative and Gram-positive organisms (Reading and 
Cole, 1977). Clavulanic acid is stable to the p-lactamases of Pseudomonas 
aeruginosa and Enterobacter cloacae which are less readily inhibited and also 
enhances the antibacterial activity of p-lactamase labile antibiotics (Reading 
and Cole, 1977). The inhibition of p-lactamase activity by clavulanic acid is 
time dependent and irreversible (Reading and Cole, 1977; Neu and Fu, 1978).
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STRAIN DEVELOPMENT
Yields of microbial products by wild strains are usually too low for 
economic processes, making strain improvement an essential part of process 
development for microbial products. Thus strains are developed with increased 
productivity (measured as titre or total yield), ability to use cheaper raw 
materials, or more specialized desirable characteristics such as improved 
filtration properties or ability to produce under particular conditions of 
temperature or oxygen tension. The traditional method of strain improvement 
is by mutagenesis and selection on the basis of direct titre measurement 
usually called ’random screening’. This technique was used in improving the 
production of penicillin by Penicillium chrysogenum from 2 units/ml (Abraham,
1974) to about 50,000 units/ml (Queener and Swartz, 1979). New techniques 
have been introduced into strain improvement and these include rational 
screening, genetic engineering, protoplast fusion and recombination. With 
better understanding of mutagenesis and DNA repair, the mechanisms of 
biochemical regulation of metabolic pathways, mutation procedures can be 
optimised for the production of desirable mutant types and screening 
procedures can be designed to allow maximum expression of the desirable 
mutations. These factors contribute to increase greatly the probability with 
which improved strains can be obtained, thus making mutation and selection a 
much less random procedure than the term ’random screening’ implies.
MUTATION
Mutation is the ultimate source of all genetic variation. Mutation may 
occur spontaneously or after induction with mutagenic agents. All mutant 
types are found among spontaneous mutations, although deletions are relatively 
frequent (Auerbach, 1975). The causes of spontaneous mutations which are 
understood include integration and IS elements (insertion sequences), along 
with errors in the functioning of enzymes such as DNA polymerases, 
recombination enzymes and DNA repair enzymes. Due to the low frequency of 
spontaneous mutations, it is not relied upon in industrial strain 
improvements. Rather, the mutation frequency is increased by using mutagenic 
agents (mut agens).
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Spontaneous and induced mutants arise as a result of structural changes 
in the genome: (i) genome mutation may cause changes in the number of 
chromosomes; (ii) chromosome mutation may change the order of the genes within 
the chromosome e.g. by deficiency, deletion, inversion, duplication or 
translocation; (iii) gene or point mutations may result from changes in the 
base sequence in a gene. More is known about point mutations than the others. 
Through base substitution, a base pair in the wild type allele may be replaced 
by another base in the mutant allele. These base substitutions produce 
several kinds of changes which include : (a) transitions which involve the 
exchange of a purine with another purine or a pyrimidine with another 
pyrimidine; (b) transversions where a pyrimidine is substituted for a purine 
or vice versa; (c) frameshift mutations result when one nucleotide or more is 
inserted or deleted, thus altering the reading frame in the following 
transcription and translation processes leading to a changed amino acid 
sequence in the resulting protein (Roth, 1974).
The mutations used in microbial strain improvement usually are point 
mutations, though chromosome mutations also occur (e.g. deletions and 
duplications), they are of minor significance. One characteristic of point 
mutations, however, is that they can revert.
Repair Mechanisms
Premutational lesions of DNA occur spontaneously or through the action of 
mutagenic agents, only a few of which result in stable mutants during 
subsequent replication. The structural changes which occur in DNA which can 
lead to mutations (Moseley, 1968) are as follows:
i) Formation of pyrimidine dimers in which two adjacent pyrimidines on a DNA
strand are coupled by additional covalent bonds and thus lose their ability to 
pair.
ii) Chemical changes of single bases, such as alkylation or deamination, thus 
causing changes in the pairing properties of DNA.
iii) Crosslinks between the complementary DNA strands which prevent their 
separation in replication.
iv) Intercalation of mutagenic agents into the DNA causing frameshift 
mutations.
v) Single strand breaks.
vi) Double strand breaks.
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These premutational structural changes can lead to mutations directly by 
causing pairing errors in replication or indirectly by incorrect recombination 
in the next round of DNA replication.
Repair systems play a significant role in the mutation process. As a 
result of a repair, potentially lethal changes in the DNA may be eliminated. 
If the repair system functions in an error-free manner, potentially mutagenic 
lesions are eliminated before they can be converted into final mutations. A 
number of repair systems are known in microorganisms, particularly bacteria. 
These include photoreactivation, excision repair, post-replicative 
recombination repair and ’SOS’ repair.
A well known effect of short-wavelength ultraviolet irradiation (254nm) 
on DNA is the formation of thymine dimers, a state in which two adjacent 
thymine molecules are chemically joined so that replication of DNA cannot 
occur. Kelner (1949a) observed that the survival of UV-irradiated bacteria 
could be greatly enhanced if the cells were subsequently exposed to an intense 
source of blue light. It has since been found that exposure of UV irradiated 
organisms to visible light of wavelength 300-450 nm increases the survival 
rate and reduces the frequency of mutation. This is due to the activation of 
a photoreactivating enzyme which splits up thymine dimers. In the dark, this 
enzyme bonds with thymine dimers but in the presence of light the enzyme 
splits the dimers into monomer pyrimidines. Up to 80% of the thymine dimers 
in the genome can be photoreactivated including UV induced DNA crosslinks 
(Smith, 1978). This repair system functions in an error-free manner and this 
does not allow mutations to occur.
The survival levels of irradiated bacteria can also be appreciably 
influenced by post-irradiation conditions that do not involve 
photoreactivation since they occur in the dark. This post-irradiation repair 
system which operates in the dark is called excision repair. In a dark 
reaction, damages to the DNA such as UV induced pyrimidine dimers, alkylation 
or deamination are recognised by specific DNA endonucleases. The repair 
mechanism is initiated by the distortion of the DNA duplex at the site of 
damage. Whereas photoreactivation is possible with single strand DNA, the 
complementary strand is required for excision repair (Setlow and Carrier, 
1964). In bacteria, the sequence of events are : (a) the excision (by 
endonuclease and exonuclease) from the damaged DNA strand of an 
oligonucleotide containing the site of damage; (b) the resysnthesis (by
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polymerase) of the missing section of DNA by elongation from the exposed 3’-OH 
terminus of the original strand - the complementary strand acting as the 
template, (c) the connection (by a ligase) of the 3f-0H terminus of the newly 
synthesized oligonucleotide to the 5'-phosphate terminus of the original 
strand (Bollum and Setlow, 1963; Setlow et al., 1963; Setlow and Carrier, 
1964). Different repair paths are involved according to each DNA lesion. The 
mechanism of excision repair for UV induced lesions is different from those 
for lesions induced by alkylation or deamination. One mechanism of repair of 
UV induced lesions is nucleotide excision in which defective nucleotides are 
cut out and replaced. In excision repair of alkylated and deaminated DNA, 
modified bases are recognised and cut out, therefore this repair mechanism is 
known also as base excision repair. Excision repair is almost error-free and 
mutation is thus avoided. However, excision repair can be partially prevented 
by inhibitors such as caffeine, acriflavine and 8-methoxypsoralen.
During replication of a damaged DNA strand, large gaps may be left in the 
daughter strand opposite the sites of damage. These gaps are filled as a 
result of recombination between the daughter strand and an undamaged 
homologous region of another strand (e.g. the parent strand which is 
complementary to the damaged template). The resulting gap in the donor strand 
is then filled by a repair polymerase using its complementary daughter strand 
as template. The result resembles the consequence of crossing-over. This is 
sometimes referred to as post replicative recombination repair.
A post replication repair mechanism that is often highly error-prone is 
the ’SOS' repair. This system is so called because the damage to DNA (or a 
stalled DNA replication) initiates a regulatory signal that causes the 
simultaneous derepression of various functions, all of which promote the 
survival of the cells (Witkin, 1976). Overlapping gaps such as those which 
result in errors in both complementary strands in the replication of DNA would 
be lethal for the cell, but are filled by the SOS repair despite the absence 
of a DNA template. Thus SOS repair overrides the normal editing function of 
DNA polymerase to allow replication where the cell would otherwise die, but at 
the expense of unfaithfully copying the DNA base sequence, resulting in 
mutation. In contrast to the other constitutive repair systems, the SOS 
repair activity is inducible and is repressed in untreated wild type cells. 
Exposure to UV radiation or the action of other mutagens (such as mitomycin C, 
captan, dichlorvos, 5-bromouracil, nitrogen mustard etc.) which damage DNA 
induce the mechanism of SOS repair (Bridges, 1976a; Witkin 1976).
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In Streptomyces cattleya, it has been shown that an error-free UV repair 
system which is caffeine inhibitable, and host mediated is active in spores 
during early development and some evidence has also been found for the 
presence of an error-prone UV repair system which is arsenite inhibitable 
(Coyne et al., 1984). The caffeine inhibitable UV repair system was found to 
be involved in the induction of genetic instability in S^_ cattleya.
Mutagens
Mutagens are divided into two types: physical e.g. ultraviolet, gamma and 
X-irradiation, and chemical e.g. ethylmethanesulphonate (EMS), nitroso­
methyl guanidine (NTG) and mustards such as ICR 170. A more important 
distinction is the type of mutation induced which depends on two factors: (a) 
the type of DNA damage caused by the mutagen and (b) the action of the 
cellular DNA repair pathways on the damage. Most mutagens produce more than 
one type of DNA damage but the degree to which they produce the different 
types of damage varies with the mutagen. Far UV gives a high proportion of 
pyrimidine dimers, ionizing radiation gives a high degree of chromosome 
breakage and EMS and NTG are alkylating agents (Auerbach, 1976). However, far 
UV will also produce hydroxylated bases and crosslinking of DNA strands 
(Drake, 1969).
The mechanisms of mutagenesis for UV and ionizing radiations (such as X- 
rays, gamma-rays and p-rays) are quite different.
Short-wavelength UV radiation
Short-wavelength UV radiation is effective for mutagenesis between 200- 
300 nm with an optimum at 254nm which is the absorption maximum of DNA. The 
most important products of UV radiation are dimers (thymine-thymine, thymine- 
cytosine and cytosine-cytosine) formed between adjacent pyrimidines or between 
pyrimidines of complementary strands resulting in crosslinks. Thus short- 
wavelength radiation mainly induces transitions of GC—*AT but transversions, 
frameshift mutations and deletions are also produced (Witkin, 1976). The 
repair of UV induced lesions is mainly error-free. To increase the frequency 
of mutation, the error-free mechanisms of photoreactivation and excision 
repair must be prevented by carrying out all manipulations under long- 
wavelength visible light (>600nm) and/or through the use of caffeine or 
similar inhibitors of repair.
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Long-wavelength UV radiation
UV radiation at wavelength of 300-400nm has less lethal and mutagenic 
effects than short-wavelength UV. In the presence of chemicals e.g. 8- 
methoxypsoralen, long-wavelength UV causes higher death rates and increased 
mutation frequency. Lesions produced by the combined action of long- 
wavelength UV and 8-methoxypsoralen cannot be photoreactivated, though they 
can be eliminated through nucleotide excision repair in conjunction with the 
mutation-causing SOS repair system (Moseley, 1968; Witkin, 1976).
Ionizing Radiation
Ionizing radiations include X-rays, gamma-rays and p-rays which act by 
causing ionization of the medium through which they pass. These rays are 
usually used for mutagenesis when other mutagens cannot be used (e.g. for cell 
material impenetrable to UV rays). Single and double-strand breaks occur with 
significantly higher probability than with other mutagens (Moseley, 1968). 
Although about 90% of the strand breaks are repaired by nucleotide excision, 
double-strand breaks result in major structural changes, such as 
translocation, inversion or similar chromosome mutations (Moseley, 1968; 
Bridges, 1976a; 1976b). These effects of ionizing radiations make them 
undesirable for mutagenesis in industrial strain development.
Mutagenesis with chemical agents
A variety of chemcials are known which are mutagenic, and these may be 
classified into three groups according to their modes of actions:
(a) Mutagens which affect non-replicating DNA e.g. nitrous acid, 
hydroxylamine and alkylating agents like ethylmethanesulphonate (EMS), 
methylmethanesulphonate (MMS), N-methyl-N1 -nitro-N-nitrosoguanidine (NTG), N- 
methyl-N-nitrourea and mustard gas. Nitrous acid deaminates adenine to 
hypoxanthine and cytosine to uracil producing AT—»GC and/or GC-^AT 
transitions. Hydroxylamine reacts with pyrimidines but only the reaction with 
cytosine is mutagenic. In this reaction, a derivative is produced from 
cytosine which shows tautomerisation and pairs with adenine producing GC—*AT 
transitions. The alkylating agents produce a variety of mutations which 
include transitions, transversions, deletions and frameshift mutations 
(Bridges, 1976a, 1976b). NTG was found to be more effective than UV radiation
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for the production of mutants of Gibberella fujikuroi (Casadesus and Cerda- 
Olmedo, 1985).
(b) Base analogues, e.g. 5-bromouracil and 2-aminopurine, are incorporated 
into replicating DNA due to their structural similarity with one of the 
naturally occurring bases. This incorporation results in AT—^GC or GC—»AT 
transitions depending on the tautomeric structure of the analogue.
(c) Frameshift mutagens intercalate into the DNA molecule causing errors which 
result in an alteration of the reading frame, resulting in the formation of 
faulty protein or no protein at all. The common frameshift mutagens are the 
acridine dyes such as acridine orange, proflavine and acriflavine. Although 
acridines are useful in research, they have been found to be unsuitable for 
routine isolation of mutants in strain development since they have little 
mutagenic effect on bacteria (Roth, 1974).
Choice of Mutagen
The type of mutation at the molecular level required to improve a given 
strain is unpredictable. Consequently, several complementing types of 
mutagenic treatments are used in order to generate as wide a range of mutants 
as possible or a mutagen which produces a variety of mutations is used. The 
choice of mutagen is also affected by considerations such as ease of use and 
safety since all mutagens are potential carcinogens and therefore effective 
precautions must be taken to protect the DNA of the worker from damage. 
Short-wavelength (or far) UV radiation (200-300nm) is considered the most 
convenient of all mutagens to use, because it appears to induce nearly all the 
known types of DNA damage (Drake, 1969). It gives reproducible effects and it 
is very easy to take effective safety precautions against (Normansell, 1982). 
UV irradiation has been successfully used in improving streptomycin-producing 
Streptomyces griseus (Thoma, 1971), cephamycin-producing griseus (Malina 
and Wolf, 1980) and oxytetracycline production in rimosus (Mandal et al.,
1983). Among the chemical mutagens, liquids such as EMS are easier to handle 
safely than powders such as NTG (Bridges, 1976a; 1976b).
Optimizing mutagenesis
The ability of an organism to be mutated is genetically determined like 
any other characteristic and hence can be affected by mutation and its 
expression can be affected by the cellular environment. Mutations affecting 
mutability may be 'mutator' or 'antimutator' depending on the direction of
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their effect. They are usually found in the genes affecting DNA repair 
pathways and may affect spontaneous and induced mutation differently, they may 
also give different responses to different mutagens (Clarke and Shankel, 
1975). Mutability can also be affected by the environment before, during or 
after mutagenesis. Generally, growth on rich medium rather than a poor 
(minimal) medium following mutagenesis will increase the total yield of 
mutants (Clarke, 1975). Storage of mutated spore suspensions prior to plating 
can alo affect the expression of mutability as repair processes will also be 
active during this time, even when the suspension medium does not support 
growth (Scott et al., 1976; Saunders et al., 1982). In addition, some 
chemicals for example 8-methoxypsoralen (which is itself mutagenic in the 
presence of near UV) and acriflavine reduce the lethal and mutagenic effects 
of far UV if present before or during irradiation (Bridges, 1971). If present 
after far UV irradiation, they have the opposite effect. Caffeine is also a 
well-known excision repair inhibitor which enhances mutability if present in 
the medium following far UV irradiation though care must be taken that it does 
not lead to more cell death (Auerbach, 1976). Saunders et al. (1982) found 
that far UV-induced mutation frequency was enhanced in Penicillium chrysogenum 
and Streptomyces clavuligerus both by mutation of genes involved in DNA repair 
and by modification of environmental conditions during or after mutagenic 
treatment. The modifications to the environment they made included liquid 
holding, treatment with caffeine, isoniazid and nalidixic acid.
In order to avoid genetic instability problems during maintenance and 
fermentation, it is desirable to maximize induced mutability while at the same 
time minimizing spontaneous mutability.
Directed Mutagenesis
The techniques for enhancing the mutation rate are collectively known as 
directed mutagenesis. A knowledge of which genes to specifically mutate is 
essential and it is also necessary to have a means of directing the 
mutagenesis at the genes controlling product biosynthesis. In Cephalosporium 
acremonium, maximum cephamycin C production appears to correlate with 
differentiation into arthrospores (Nash and Huber, 1971; Matsumura et al.,
1980), so mutagenesis could be carried out at this time. Another directed 
mutagenesis technique takes advantage of the specificity of NTG for mutating 
at the DNA replication fork, resulting in clusters of closely linked 
mutations (Cerda-Olmedo and Ruiz-Vazquez, 1979). Using this rationale, a
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method was developed whereby mutation was directed toward preselected markers 
including some affecting antibiotic production in Streptomyces lipmanii 
(Godfrey, 1974) and mutation frequencies for each marker were found to vary by 
as much as a hundred-fold.
Another technique of directed mutagenesis is the selection for easily 
selectable mutations (such as those causing drug resistance) known to occur in 
genes closely linked to biosynthetic genes. This is known as co-mutagenesis 
and the appoach requires some knowledge of the genetic map of the organism 
(Sermonti, 1976).
A third approach is to use in vitro mutagenesis. As a result of recent 
advances in molecular biology, it is possible to insert mutations directly 
into specific genes e.g. by digesting single-stranded ends after DNA splicing 
by the use of a suitable restriction endonuclease. Ligation of the resulting 
blunt-ended DNA yields small deletions in this gene site (Shortle et al.,
1981). Another method used is the incorporation of base analogues into nicks 
at specific sites of the DNA. In vitro mutagenesis allows isolated genes or 
even parts of them such as the promoter region to be specifically mutated in 
the test tube by restriction enzyme cleavage, DNA re-synthesis or chemical 
treatment (Shortle et al., 1981).
SELECTION OF MUTANTS
Having optimized mutagenesis, the method of selection is crucial for the 
effective screening of mutants. In order for a screen to efficiently detect a 
desirable mutant, its phenotype must be maximally expressed under the 
conditions of the screen. A number of factors which can hinder this 
expression include impure cultures, expression delay, the plating density (or 
Grigg effect) and metabolic regulatory mechanisms (Rowlands, 1984). Impure 
cultures may arise from poor microbiological techniques or the use of 
multinucleate material such as hyphal fragments or multinucleate spores. 
Uninucleate material such as spores is less likely to produce mixed cultures 
and is easier to handle. However, clumping of spores may occur which may lead 
to mixed colonies of mutant and non-mutant nuclei and in some cases, mosaicism 
may lead to mixed colonies (Rowlands, 1983; Rowlands and Normansell, 1983; 
Rowlands, 1984). Mosaicism is the phenomenon whereby a single mutated haploid
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nucleus gives rise to a heterokaryotic colony due to base sequence alteration 
in only one of the two strands of the DNA double helix such that when the DNA 
molecule replicates, it produces one mutated and one unmutated daughter 
molecule, which ultimately produces a mixed colony (Auerbach, 1976).
Since the mutated DNA must be transcribed and translated into protein, 
there may be a time delay in the expression of new mutations. Also the 
plating density or Grigg effect is a potential cause of failure of expression. 
Grigg (1952) found that when the background plating densities in Neurospora
n
crassa exceeded 10 conidia per plate (on a standard 9cm diameter Petri dish), 
the frequency of prototrophic strains recovered from an auxotrophic population 
declined. Scott et al. (1972) observed the same effect with Aspergillus 
nidulans. This effect will cause failure to detect all possible mutants in an 
input population in a screen when high density platings are used.
Some physiological factors can affect gene expression and hinder the 
detection of desirable mutants during screening, for example, the genetic or 
metabolic regulation of the activity of -the genes concerned with antibiotic 
biosynthesis. These factors have been discussed earlier. It is important 
that these factors be taken into account in the design of the screening medium 
in order that biosynthesis is not inhibited.
A subculture step or single growth cycle between mutagenesis and 
screening may be beneficial for a number of reasons. Where monocultures are 
difficult or impossible to guarantee, a subculture step will allow the mixed 
nuclei to segregate so at least some of the mutant nuclei form pure clones and 
hence become more easily detectable (Peters and Sypherd, 1978). A subculture 
step also allows time for the longer expression pathways to be completed so 
that the mutant phenotype is fully expressed at the time of screening. In 
addition, a subculture also overcomes a technical problem frequently 
encountered in the operation of random screens - that of accurately estimating 
viability when plating out following mutagenesis. The material obtained after 
subculture will usually be 100% viable, allowing the required plating 
densities for screening to be accurately estimated. A problem may occur if 
the desirable phenotype is at a selective disadvantage, in which case its 
frequency will be reduced in the population after subculture (Rowlands, 1983; 
Rowlands and Normansell, 1983; Rowlands, 1984).
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Screening
Screens may be divided into two basic types: (i) the non-selective 
'random' screen, where all the isolates are individually tested for desired 
qualities and (ii) the various types of 'rational' screens based on some form 
of preselection. The rational screens are generally able to cope with higher 
numbers but in practice tend to act as pre-screens for the more critical type
(i) screen.
Random Screening
The high yields obtained with industrial microorganisms have been 
possible largely through the process of empirical selection after mutagenesis. 
After mutagen treatment and expression of induced mutations, a random 
selection of surviving clones is inspected for ability to produce the product 
of interest. The best strains from such a mutation cycle are repeatedly 
mutated and selected. A gradual increase in the yield is attained by 
continuing with these steps. Random screening may be done using surface 
culture screens or liquid culture screens.
Surface culture screens
Surface culture screens fall into two basic types, the first relying on 
the detection and measurement of a zone of the product diffusing out from a 
colony, and the second on the elution of the product from the growth medium 
into a solution which is then assayed. Mutagenized spores may be inoculated 
directly onto the surface of agar plates (Ball and McGonagle, 1978) or 
subcultured onto agar plugs or discs (Ditchbum et al., 1974; Trilli et al., 
1978). Agar plugs and discs must be incubated in a humid atmosphere to 
prevent them from drying out. Zone assays are carried out by directly 
overlaying the colonies with a biological or chemical assay mixture, or in the 
case of plugs and discs, these may be placed on the surface of the assay 
mixture. A typical bioassay mixture would contain a sensitive test organism 
in a soft agar support medium, while a chemical assay mixture might contain a 
chromogenic compound which reacts with the product to be screened to give a 
colour reaction. All zone based screens are affected by the decreasing 
exponential relationship between product titre and zone diameter, such that a 
large increase in titre gives only a relatively small increase in zone 
diameter. Hence these tend to be low resolution screens, unable to detect
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small titre differences efficiently (Rowlands and Normansell, 1983; Rowlands,
1984). This effect can be minimized by keeping the zone sizes to a minimum, 
for example by the use of growth-limiting media, incorporation of a product- 
degrading enzyme or chemical in the assay mixture, use of a more resistant 
bioassay test organism or use of shorter incubation times (Ditchbum et al, 
1974; Ball and McGonagle, 1978). As the colony morphology of the isolates may 
also vary as a result of mutation, another problem may arise whereby small 
compact colonies give exaggeratedly small zones while large diffuse colonies 
give exaggeratedly large ones. Ball and McGonagle (1978) used a potency index 
calculation (zone diameter divided by colony diameter) to overcome this 
problem in developing a penicillin G plate screen.
Elution-based techniques are more laborious than zone assays but have the 
advantage that once the product is in solution, a wide range of quantitative 
assays may be applied. They are usually used in conjunction with agar plugs 
or discs. Additionally, agar plugs may be placed onto thin layer 
chromatography plates, which are run after allowing sufficient time for the 
products to diffuse out from the plugs (Spagnoli and Cappelletti, 1981).
Liquid culture screens
Liquid culture screens are most frequently carried out in Erlenmeyer 
conical flasks and have an advantage over surface culture screens in that they 
can be designed to mimic production conditions more closely. Assays may be 
carried out during the course of the fermentation for faster producing 
mutants, or at the end of the fermentation for mutants with an overall yield 
improvement. Where desired, specific physiological limitations or conditions 
(carbon source, oxygen, temperature, pH) may by incorporated into the screen 
to select for mutants which are better able to overcome them. Generally, the 
running of liquid culture screens requires more attention than that of surface 
culture screens, and so fewer isolates can be tested per unit time. Liquid 
screens, therefore, tend to be used as high resolution screens (Rowlands and 
Normansell, 1983; Rowlands, 1984).
Multi-level screening
Where improved mutants are rare and the testing error of the screen is 
high especially when screening for antibiotic titre improvement, multi-level 
screens give the greatest probability of detecting improved isolates (Calam,
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1964; Davies, 1964). In this technique the isolates pass through a series of 
screens beginning with coarse (low-resolution) screens, in which as many as 
possible are tested as single isolates, followed by high resolution screens 
using multiple replicates. Since the accuracy of testing increases only by 
the square root of the degree of replication, the early stages of a multi­
level screen are generally used to test large numbers of single isolates using 
a coarse screening procedure such as a plate screen (Ditchbum et al., 1974). 
A predetermined percentage of the highest yielding isolates is removed for 
retesting at each stage and, as the number of isolates falls, the level of 
replication is increased. Calam (1964) used a 10% cut off point and three 
levels of screening. Ditchbum et al. (1974) proposed the use of an agar plug 
primary or pre-screen followed by a shake flask testing and this approach was 
used successfully by Prakash and Tan (1977) in a strain improvement programme 
on Streptomyces fradiae.
Some strains do not show the same improvement in different screens 
because they are better adapted to a particular set of screening conditions 
and are as such false positives. Care must also be taken so that the 
different sets of screening conditions do not set up selective pressures that 
work in different directions. If possible, it is more desirable to establish 
a common set of selection pressures through all levels of the screen and to 
confirm that an adequate correlation exists between the different screen 
levels in terms of improved isolates.
Rapid Recycling
Where the magnitude of titre improvement generated by mutagenesis is 
smaller than the testing error of the screen, rapid recycling (recurrent 
mutation and selection) can improve the screening efficiency (Calam, 1964; 
Davies, 1964; Simpson and Caten, 1979b; Soller, 1980). All strain improvement 
programmes incorporate recycling to some extent since the current production 
strain, which itself will usually have been obtained from a previous screening 
programme is frequently used as a starting point for the next. Rapid recycling 
involves the recycling of relatively large numbers of strains at an early 
stage in the screening process. In the technique, a predetermined top 
percentage of isolates from the screen is pooled, remutagenized and put back 
into the screen. For maximum effectiveness, Rowlands (1984) recommends the 
combination of multi-level screening with rapid recycling. By recycling, an 
enriched population of mutants with a small titre improvement is produced
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which on further mutation and recycling, will produce some isolates with a 
large enough titre increase over the starting strain to be detected adequately 
in the screen. The rate of improvement in the mean titre of the population 
will depend on the mutation frequency, the magnitude of titre improvement 
resulting from each successive mutation, the size of the rake-off and the 
magnitude of the testing error (Rowlands and Normansell, 1983).
One problem with a rapid recycling screen is the appearance of strains 
with undesirable secondary characteristics or which do not have genuine titre 
improvements (screening artefacts). This can be guarded against by using 
multi-level screens where the selection pressures are different at each level 
(Rowlands and Normansell, 1983).
Random screening can be made less random by making use of the knowledge 
of genetics and biochemistry of product formation. For example, known 
inhibitors of production such as analogues of the biosynthetic intermediates, 
analogues of the end-product itself may be incorporated into the screening 
medium to select for deregulated strains. These will depress titre to a low 
level and allow coarser, more rapid screening techniques to be used. Reversion 
or supression of 'non-producer* strains has been known to produce increased 
titre strains in Streptomyces viridifaciens producing chlortetracycline 
(Dulaney and Dulaney, 1967) and £L_ goldiniensis producing aurodox (Unowsky and 
Hoppe, 1978). Since revertants of non-producers will have been altered twice 
in genes directly affecting product formation, this technique of selecting for 
revertants of non-producers may be more likely to give rise to strains with 
genuine titre increase than any other. A similar technique is to screen for 
recovery of titre (but not prototrophy) in auxotrophs where the auxotrophic 
mutation affects a biosynthetic pathway known to be important in product 
biosynthesis (Rowlands and Normansell, 1983). The titre improvements thus 
obtained can be crossed into normal production strains.
Rational Screening
Rational screens take advantage of the knowledge of the biochemistry of 
product formation to allow a selection via a particular feature of the 
desirable genotype other than the one of ultimate interest, but which is more 
easily scored or assayed. Usually, the rational screen exerts a selective 
pressure which kills or strongly inhibits the growth of undesired strains. 
Since the biosynthetic pathways of commercial products are usually only
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sketchily understood, and because the character screened for (e.g. growth in 
the presence of an inhibitor) is not that ultimately desired (increased 
titre), Rowlands and Normansell (1983) suggest that these screens be 
considered as pre-screens and their output tested in a direct screen for 
product titre in order to eliminate false positives.
An example of a rational screen is the use of a toxic analogue of a 
biosynthetic intermediate to select for resistant mutants. These are 
frequently resistant due to overproduction of the natural intermediate, which 
in turn may lead to increased yield of the final product. Using this 
rationale, Godfrey (1973) obtained an improvement in the p-lactam antibiotic 
production of Streptomyces lipmanii by selecting for resistance to amino acid 
analogues and also Chang and Elander (1979) got increasd cephalosporin C titre 
in Cephalosporium acremonium by selecting for resistance to selenomethionine. 
The only problem with this technique is finding sufficiently toxic analogues 
of the relevant intermediates (Chang and Elander, 1979). However, Mehta and 
Nash (1979) have shown that the toxicity of amino acid analogues to C. 
acremonium can be increased by changing the carbon source in the growth 
medium. Fazakerly and Jackson (1975) demonstrated that p-lactams will complex 
heavy metal ions , and by selecting for mutants resistant to heavy metal ions, 
Chang and Elander (1979) obtained strains of C. acremonium which had improved 
titres of cephalosporin C. Recently, antibiotic production in acremonium 
has been shown to be correlated with increased proteolytic activity, which 
presents a possible basis for a screen (Shuvalova and Bartoshevich, 1980). 
Also, Ostroukhov and Kuznetsov (1963) made use of screens based on changes in 
redox potential.
REOCMBINATIQN
The genetic information from two genotypes can be brought together into a 
new genotype through genetic recombination which is thus another effective 
means of increasing the genetic variability within a population. In addition, 
recombination techniques offer a chance to remove deleterious mutations in a 
production strain as well as transfer to and perhaps from production strains 
mutant alleles responsible for increased mutagen sensitivity. The ability to 
locate by recombination the genes involved in antibiotic production permits 
site-specific mutagenesis by NTG thus facilitating gene cloning by recombinant
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DNA techniques. Using these techniques, Hamlyn and Ball (1979) isolated a 
recombinant of C_ acremonium with a 40% improvement in titre accompanied by 
improved growth characteristics.
Conjugation is widespread in the important antibiotic producing genera of 
the actinomycetes (Hopwood, 1976). The genetic determination of conjugation in 
Streptomyces coelicolor A3 (2) has been well studied and it has been found 
that plasmid sex factors are involved (Hopwood et al., 1973). Their 
interaction with the chromosome determines different roles in conjugation such 
as recipient, low frequency donor and high frequency donor. In a cross between 
two strains, mating occurs between a few individuals to produce a 
heterogeneous collection of zygotes. Each contains a complete circular 
chromosome from either of the parents and a more or less random fragment (on 
average about a fifth) of the chromosome of the other (Hopwood, 1977).
Recombination on its own has not been of great importance in industrial 
strain development of actinomycetes because parent strains with selective 
markers must be used to identify low frequency recombinants and the 
construction of doubly marked parent strains (such as auxotrophy and 
antibiotic resistance) is time consuming (Crueger and Crueger, 1984). Singly 
marked strains cannot be used in genetic recombination study because the 
spontaneous reversion rate of auxotrophs is in the same range as the frequency 
of recombination. Also, there is the danger that further mutations with a 
negative effect on antibiotic production may occur unnoticed, since mutations 
to auxotrophy commonly reduce antibiotic production drastically (Alikhanian, 
1962). In addition, better results are obtained if the parents used in the 
cross come from completely different strains (Hopwood, 1977). Therefore, 
recombination is more useful later in strain development when distinct cell 
lines exist. Under these conditions, recombination results in strains with 
higher yields. Yields of kasugamycin by Streptomyces kasugaensis (Ichikawa et 
al., 1971), cephamycin by Nocardia lactamdurans and griseus (Wesseling and 
Lago, 1981) have been improved in this way.
Protoplast Fusion
Protoplast fusion has made possible the widespread use of recombination 
in the industrially important streptomycetes (Hopwood et al., 1977; Baltz, 
1980) in which recombination was only achieved by means of conjugation, 
yielding recombinants at frequencies too low to be of great practical value.
56
The advantages offerred by protoplast fusion in the strain development of 
streptomycetes are enormous. Firstly, the widespread applicability of 
established methods makes this an attractive technique in that development 
time is kept to a minimum. Time and effort are also saved by the high rates of 
recombination achievable by a large proportion of the genome and the long 
stretches of DNA involved in the recombination. A frequency such as this 
obviates the need for the introduction of selectable markers in the strain 
being crossed. The frequency can be further increased by treatment of each 
parent strain with far UV before fusion (Hopwood and Wright, 1979). A further 
attractive attribute of protoplast fusion in the context of strain improvement 
is the ability, by standard methods, to fuse and therefore recombine more than 
two strains in a single experiment. The advantage of this is seen in multi- 
line development programmes where it would be possible to periodically fuse 
and recombine the best strains from each line and screen for recombinants 
demonstrating additivity or synergy of different titre increasing genes (Baltz 
and Matsushima, 1980; Normansell, 1982). Wesseling and Lago (1981) applied 
protoplast fusion techniques to Nocardia lactamdurans, a cephamycin C producer 
and obtained two cultures whose superiority in titre ranged fom 10 to 15% 
above that of the parents. Ball (1983) concluded that protoplast fusion would 
be a very useful, cheap and easy method of generating genetic variation for 
strain improvement.
GENETIC ENGINEERING
In genetic engineering (in vitro recombination, gene cloning or gene 
manipulation), the DNA sequence of a procaryote or eucaryote is introduced 
into a host organism and cloned. The insertion of the DNA is done either by 
transforming protoplasts or by transforming cells such as Escherichia coli.
The rational amplification of genes implicated in antibiotic biosynthesis 
is an approach which requires some prerequisite knowledge of the genes 
involved. Such information is frequently not available in industrial 
microorganisms, especially early in industrial strain improvement. Gene 
manipulation would be more easily achieved if the genes in question were 
clustered on the genome. Gene clustering has been demonstrated for some 
antibiotics, for example antinorhodin (Rudd and Hopwood, 1980). There is also 
strong evidence for plasmid involvement in the production of certain 
antibiotics which in itself may facilitate cloning (Hopwood, 1978).
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Some cloning methods in streptomycetes require little or no prior 
knowledge of the biosynthetic steps or genes involved in the production of an 
antibiotic. These techniques rely on random unselected improvement in the same 
way as mutation and selection, and with the large screening capacities 
available, it offers a good chance of success.
Cloning requires the use of a suitable vector which could be an 
engineered vector from another organism, if available, or a suitable vector 
within the producing organism. Successful yield enhancement due to increased 
gene dosage will depend on the amplified genes being expressed to the desired 
level during the productive phase of the fermentation. The success of the 
cloning programme will, therefore, depend on the ability of the cloned genes 
to integrate and function as coherent parts of carefully balanced metabolic 
pathways (Atherton et al., 1979).
A major factor in genetic engineering is whether or not the vector will 
replicate and express the information on the genes it carries in the host 
cell. Although gene cloning can be done with viral vectors, most commercial 
strains make use of plasmid vectors. Plasmid vectors are, however, prone to 
two types of instabilities: (i) hereditary instability resulting from failure 
of the plasmid molecules to partition correctly at cell division and (ii) 
instability of expression due to structural rearrangement of the recombinant 
plasmid or to point mutations / insertions in either the plasmid or the host 
chromosome (Primrose et al., 1983). One method of overcoming defective plasmid 
partitioning or structural alterations in the plasmids is to use vectors which 
permit conditional high expression of cloned genes (Primrose et al., 1983).
APPLICATION OF NUMERICAL TAXONOMY TECHNIQUES IN STRAIN DEVELOPMENT
Numerical taxonomy is the grouping by numerical methods of taxonomic 
units into taxa on the basis of their character states. Overall similarity 
between any two entities is considered as a function of their individual 
similarities in each of the many characters in which they are being compared 
and distinct taxa can be recognised because correlations of characters differ 
in the groups of the organisms under study (Sneath and Sokal, 1973).
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In practice, the operations of numerical taxonomy are carried out in the 
following sequence: (i) organisms and characters are chosen and recorded; (ii) 
the resemblances between organisms are calculated; (iii) taxa are based upon 
these resemblances; and (iv) generalizations are made about the taxa (such as 
inferences about the phytogeny, choice of discriminatory characters etc.)* 
The order of the steps within the procedure cannot be changed without 
destroying the rationale of the classificatory process (Sneath and Sokal, 
1973).
The classification of actinomycetes in general has benefitted a great 
deal from the application of numerical taxonomy. Probably the most striking 
example of the impact of numerical taxonomy is the reclassification of the 
genus Streptomyces (Williams et al., 1981; 1983a; 1983b). Generally, a large 
number of characters are used in numerical taxonomy, but Keast et al. (1984) 
were able to group soil actinomycetes on the basis of presence or absence of 
aerial mycelium, the colour of the soluble pigment and the shade of colour of 
the surface and reverse mycelium. Their results compared favourably with those 
of Williams et al. (1969) which were obtained from a practical method for 
grouping actinomycete cultures.
The characters used in numerical taxonomy include morphological (spore 
surface, pigmentation), physiological (tolerance to environmental extremes and 
antibiotics) and biochemical (utilization and degradation of various 
compounds) characteristics (Williams et al., 1981; Wellington and Cross, 
1983). Gladek et al. (1985) also used ribosomal RNA similarities in the 
classification of Streptomyces. The tests used in numerical taxonomic studies 
provide extensive data matrices which are useful for developing selective 
isolation techniques. A number of numerical taxonomy studies have resulted in 
the development of selective isolation techniques involving the use of 
antibiotics as selective agents (Goodfellow and Orchard, 1974; Orchard and 
Goodfellow, 1974; Athalye et al., 1981; McCarthy and Cross, 1981). The ability 
of numerical taxonomic techniques to effect separation on the basis of the pH 
profiles of different Streptomyces isolates in different media was used by 
Bushell and Nisbet (1981) to eliminate the producers of known antibiotics and 
to facilitate the recognition of products with commercial potential in screens 
for secondary metabolites. Thus numerical taxonomic techniques may be useful 
in the screening of actinomycetes for novel metabolites.
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Rational screens select for strains with improved yields via a 
particular feature associated with yield improvement which is more easily 
scored or assayed. This study explores the use of numerical taxonomy to 
obtain those properties which correlate with improved antibiotic production. 
Some characteristics of UV radiation induced mutants of the thienamycin 
producer Streptomyces cattleya were examined, and subsequently techniques of 
numerical taxonomy were employed to determine the properties which 
characterize high titre antibiotic producing mutants which may be used for 
their selective isolation in a strain development programme.
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II. EXPERIMENTAL
61
PART 1 GENERAL MATERIALS AND METHODS
Strains of Microorganisms Used
In this study, the following organisms were used:
(a) Streptomyces cattleya NRRL 8057 (University of Surrey Culture Collection
Number C2201).
(b) Staphylococcus aureus Oxford H Strain VI (University of Surrey Culture
Collection Number C864).
(c) Comamonas terrigena ATCC 8461 (University of Surrey Culture Collection
Number C2034).
(d) Flavobacterium sp (University of Surrey Culture Collection Number C2116) 
- a gift from Dr. L.J. Nisbet of Glaxo.
(e) Escherichia coli (SSI) - a supersensitive strain isolated in a strain
selection programme in the Department of Microbiology, University of 
Surrey by Dr. M.E. Bushell and Mr. T.J. Williamson.
S. aureus (C864), C. terrigena (C2034), FIavobacterium sp (C2116) and 
the supersensitive strain of K_ coli were used as challenge organisms in the 
detection of the different antibiotics produced by Streptomyces cattleya. 
FI avobacterium was sensitive only to cyclopentenedione, and SL_ aureus was 
sensitive to all the antibiotics produced by Streptomyces cattleya except 
cephamycin C. Both C^ terrigena and E^ _ coli were sensitive to all the 
antibiotics produced. E^ coli, being very sensitive, was used for the 
detection of low concentrations of antibiotics.
Maintenance of Cultures
i) Streptomyces cattleya (C2201) was grown on malt yeast agar slopes at 30°C 
for about two weeks (until the spores turned purple) and were stored at 4°C 
until required. They were subcultured approximately every four weeks.
62
ii) Staphylococcus aureus (C864), Comamonas terrigena (C2034), Flavobacterium 
sp (C2116) and supersensitive Escherichia coli were grown on nutrient agar 
slopes at 30°C and stored at 4°C. They were subcultured approximately every 
four weeks.
Media Compositions
i) Malt Yeast Broth (MYB) was made up of (g/1) Malt extract (Oxoid) 10.0, 
Dextrose (BDH) 4.0, Yeast extract (Oxoid) 4.0, in distilled water. This was 
used for the liquid cultivation of S. cattleya and the seed cultures for the 
fermenter studies.
ii) Malt Yeast Agar (MYA) was made up with the same ingredients in the same 
proportions as in the Malt Yeast Broth with 20 g/1 Agar No. 3 (Oxoid) added. 
This was used for cultivating cattleya on solid medium on plates and slopes 
for maintenance and as droplets in the primary screening of mutants for 
antibiotic production.
iii) Nutrient Broth (Oxoid) was used for growing aureus, C. terrigena, 
Flavobacterium sp and coli in liquid culture for antibiotic assays.
iv) Nutrient Agar (Oxoid) was used for the maintenance of the bacterial 
cultures and for the agar diffusion antibiotic assays.
(v) Basic Production Medium (BPM). The composition of BPM was as follows 
(g/1) • glucose, 20.0; NH4C1, 5.0; KH2PO4, 10.5; Na2HP04, 3.77; trace salt 
solution : EDTA, 0.6; NaOH, 0.1; MgSO^^I^O, 0.25; CaCl2 (anhydrous), 0.05; 
ZnS04.7H20, 0.02; MnS04.4H20, 0.02; CuS04.5H20, 0.005; FeS04.7H20, 0.1;
Na2S04, 0.5; Na2Mo04.2H20, 0.005; CoC12.6H20, 0.05; Na2B407.10H20, 0.005 in 
distilled water. The nitrogen source was sterilized together with the 
inorganic phosphates. Glucose solution and the trace salt solution were 
autoclaved separately. The three solutions were mixed together aseptically 
before use. BPM was used for the production of antibiotics by S^_ cattleya in 
the fermenter.
(vi) Basic Production Medium Agar (PMA) contained the same constituents in the 
same proportions as BPM with 20 g/1 Agar No. 3 (Oxoid) added.
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Biochemical Assays
i) Glucose Assay (A modification of the phenol-sulphuric acid method of 
Herbert et al., 1971).
The reagents used were of analytical grade:
a) 5% (w/v) solution of phenol in distilled water.
b) concentrated sulphuric acid.
Procedure: 1ml of a sample containing less than 100 ug/ml of glucose was 
placed into a thick-walled test tube. 1ml of the 5% phenol solution was added 
and mixed; then 5ml of concentrated sulphuric acid was added from a fast- 
flowing pipette to the surface of the liquid, the tube being shaken 
simultaneously to effect fast and complete mixing. The tubes were allowed to 
stand for 10 min, shaken and then placed in a water bath at 25 to 30°C for 10 
to 20 min. The samples were read at 488nm against a standard glucose range 
(0-100 ug/ml) using a Pye Unicam SP6-450 spectrophotometer.
(ii) Ammonia Assay (A modification of the Indophenol-blue method of Allen et 
al., 1974).
The reagents used for this assay were as follows:
a) Phenol-acetone solution: 70g of phenol was dissolved in 15ml ethanol,
20ml acetone was added and made up to 100ml with ethanol.
b) Sodium hydroxide : 30% (w/v) aqueous solution. This was boiled for 10 to 
15 min in an open vessel to remove traces of ammonia.
c) Sodium-phenolate solution : Immediately before use, 10ml of (a) and 10ml 
of (b) were mixed together and diluted with distilled water to 50ml.
d) Sodium hypochlorite : 2% (v/v) solution.
Procedure: 1ml of a sample containing less than 100 ug/ml of ammonia was 
placed in a bottle containing 24ml of water. 5ml of the sodium phenolate 
solution was added, mixed and 2ml of the sodium hypochlorite solution was 
added. The bottle contents were mixed thoroughly and left to stand at room 
temperature for 30 min for the colour to develop. The samples were then read 
at 625nm against a standard ammonia range (0-100 ug NH^/ml) using a Pye Unicam 
SP6-450 spectrophotometer.
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iii) Phosphate Assay (A modification of the molybdenum method of Mackereth et 
al., 1978).
The reagents used were as follows:
a) Sulphuric acid 14% (v/v)
b) Ammonium molybdate 30g/l
c) Ascorbic acid 5.4g in 100ml distilled water. This was made fresh for
each assay.
d) Potassium antimonal tartrate 0.68g in 200ml distilled water.
e) A working reagent was made up from reagents a-d in the proportion
5:2:2:1 respectively.
Procedure: This assay is very sensitive and subject to interference by
phosphate in the water and on the glassware. It was necessary that all 
glassware used for the assay were rinsed out in dilute HC1 and distilled 
deionised water used for all the solutions and sample dilutions. 1ml of a 
sample containing less than 100 ug/ml of phosphate was placed in a bottle 
containing 24ml of water. 5ml of the working reagent was added and thoroughly 
mixed. The bottles were left to stand at room temperature for 10 min. The 
samples were read at 880nm against a standard phosphate range (0-100 ug 
PO^/ml) using a Pye Unicam SP6-450 spectrophotometer.
Measurement of Biomass
10ml of fresh culture was pipetted into tared glass tubes and centrifuged 
at 2000g for 15 min. The pellets were washed with distilled water, 
centrifuged again and then dried to a constant weight at 105°C. The dry 
weight was read with a fine balance.
Antibiotic Standards
For the antibiotic assays, benzylpenicillin (Glaxo), cyclopentenedione 
(Glaxo), cephamycin C and N-formimidqylthienamycin (Merck Sharp and Dohme, NJ, 
U.S.A.) were used as standards. With the exception of the thienamycin the 
required quantity of antibiotics was dissolved in distilled water. The 
thienamycin was dissolved in lOmM phosphate buffer to prevent inactivation.
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Antibiotic Assays
Fresh culture supernatants were assayed for antibiotic activity by the 
cup-plate agar diffusion bioassay using aureus (C864), terrigena 
(C2034), Flavobacterium (C2116) and coli (SSI).
The assays were carried out using 250ml nutrient agar for each 25 x 25 
cm assay dish and the wells were made in the agar with an 8mm punch. 
Measured amounts of samples from broth cultures were put into each well and 
the dishes were incubated overnight at 30°C. The inhibition zones were 
measured with a pair of calipers.
In order to make the inhibition zones more readable, 0.75ml of 2% (w/v) 
triphenyl tetrazoleum chloride (TTC) (Sigma) in 5% (v/v) solution of dimethyl 
sulphoxide (DMSO) (BDH) was added to 250ml nutrient agar. During the growth 
and respiration of the challenge organism in the agar, growing cells reduce 
TTC to a red formazan (Jacob, 1970). The tetrazoleum-DMSO complex turns 
bright pink in areas where growth has occurred in sharp contrast to the clear 
pale yellow areas of inhibited growth.
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PART 2 FERMENTER STUDIES OF STREPTOMYCES CATTLEYA
Streptomyces cattleya NRRL 8057 was grown in batch culture in a fermenter 
to study its antibiotic production. A flask containing 50ml malt yeast 
broth (MYB) was inoculated with spores from stock slopes of S. cattleya and 
then incubated on a stirrer at 30°C for 48 hr. A 10% (v/v) inoculum of 
mycelium from this culture was used to inoculate another flask containing 
100ml of the basic production medium (BPM). This was incubated on a stirrer 
for 48 hr at 30°C to ensure good growth. 100ml of mycelia from this stirred 
flask culture were used to inoculate the fermenter.
The fermenter cultivation was carried out in a 11 magnetically stirred 
vessel (model 500 series II, LH Fermentation, Stoke Poges, Bucks) with the 
baffles removed. The working volume, temperature and agitation were 900ml, 
28°C and 1000 rpm, respectively. Aeration was manually controlled at 30ml/min 
using a high accuracy rotameter (model RSI, Glass Precision Engineering, Hemel 
Hempstead, Herts). In situ measurements of dissolved oxygen tension ensured 
oxygen sufficiency. The pH was controlled at 6.5 by automatic addition of 
2.5M sodium hydroxide. Replicate batch culture runs were obtained by running 
fresh medium into the fermenter using 50ml from the previous culture as 
inoculum. The glucose, phosphate and ammonia assays, dry weight measurements 
and antibiotic assays were carried out as described in the General Materials 
and Methods.
Results and Discussion
The highest biomass concentration (9.35 g/1) was observed at 46 hr after 
which the concentration decreased, with the subsequent production of 
antibiotics (Figure la).
During exponential growth (23 - 46 hr), glucose was rapidly taken up, 
extracellular glucose concentration dropping from 20.5 to 6.325 g/1. During 
this time, less than half the initial ammonia concentration and less than a 
third of the initial phosphate concentration had been used (Figure la). 
Extracellular concentration of ammonia was at its lowest at 80hr after which 
it started to increase. This increase was accompanied by a rise in the
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FIGURE 1 q BATCH FERMENTATION OF S.cattleya.
Nutrient u t i l i z a t i o n  and biomass production o f  S. c a t t l e y a  during batch
fermentation in the bas ic  production medium. Concentrations o f  biomass ( 1 ) ,
glucose  ( 2 ) ,  ammonia (3) and phosphate (4) are in g /1 .  Sca ling  fa c t o r
-1
for ammonia concentration i s  x 10
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FIGURE 1b BATCH FERMENTATION OF S.cattleya.
A n t ib io t i c  production o f  S. ca t t le y a  during batch culture  in the bas ic  
production medium. Concentrations o f  cyclopentenedione (1) and 
cephamycin (2) are in mg/ml while thienamycin(3) ir, in ug/ml. Sca ling  
fa c to r  for cephamycin C concentration i s  x 10
culture pH to 7. Deamination and lysis are thought to be responsible for this 
increase in the extracellular concentration of ammonia. Between 54 and 71 hr, 
glucose concentration became limiting while the concentration of phosphate 
steadily decreased throughout the period of antibiotic production.
No antibiotic was detected before 54 hr when non-limiting concentrations 
of glucose were present and the culture was growing exponentially. The first 
antibiotic, cyclopentenedione, was detected at 54 hr (Figure lb). At 95hr, 
cyclopentenedione was no longer detected in the medium. Cephamycin C first 
appeared at 75hr and production continued until 120 hr after which its 
concentration in the medium decreased. Thienamycin production was detected at 
120 hr. The highest concentration of thienamycin measured was 3.6 ug/ml.
The sequence of antibiotic production observed in this study was similar 
to that described by Bushell and Fryday (1983). In this study, the glucose in 
the culture medium was virtually exhausted before any antibiotic was detected. 
This was consistent with the findings of Aharonowitz and Demain (1978) that 
rapidly utilized carbon sources generally repress or inhibit antibiotic 
production. Bushell and Fryday (1983) showed that the production of 
cyclopentenedione, cephamycin C and thienamycin by S^ _ cattleya coincided with 
glucose, ammonia and phosphate limitation respectively.
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PART 3 INDUCTION,. ISOLATION AND SELECTION OF MUTANTS
Mutant Induction
A suspension of Streptomyces cattleya spores was made in Ringers solution 
with 0.01% Tween 80. The suspension was vigorously stirred at 4°C overnight 
to ensure even distribution of the spores. A series of ten-fold dilutions 
were made and 0.1ml of these dilutions were spread plated on malt yeast agar 
(MYA) in triplicate. The plates were incubated at 30°G for 3 days and the 
colonies produced on each were counted with a colony counter.
The spore suspension was diluted to give a suspension containing 
approximately 10 spores/ml. 2ml of the spore suspension was measured into 
different glass Petri dishes. The suspensions in the Petri dishes were 
exposed to ultraviolet radiation from a Hanovia lamp at 254 nm for different 
lengths of time (between 20 and 120 seconds). The distance of the lamp above 
the work bench was 30cm. The spore suspensions were swirled around while they 
were being exposed to the UV light. After the exposure, the suspensions were 
placed in sterile universals and kept in the dark (in a locked refrigerator) 
overnight to prevent post-irradiation repair (photoreactivation) from taking 
place (Kelner, 1949a). The following morning 0.1ml of each irradiated spore 
suspension was spread out on MYA plates in triplicate. The plates were 
incubated at 30°C for 3 days. The colonies produced on each plate were 
counted with a colony counter.
Results
Table 1 shows the spore count and the percentage survival of the spores 
after exposure to UV light. The initial spore suspension contained 1.068 x
n
10 spores/ml.
Using the rationale of Clowes and Hayes (1968), a 95% spore death was 
considered to indicate a sufficient proportion of one-hit mutations for an
' - j
adequate number of mutants. Thus when 95% of 1.068 x 10 spores are killed, 
the number of survivors will be 5.34 x 10 spores. The 40 sec irradiated 
suspension with 4.317 x 10 spores gave the closest number of survivors to 
this figure. This suspension was selected for the isolation of survivors.
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Appropriate dilutions were made from it and plated out on MYA after which the 
plates were incubated at 30°C for 7 days. 400 survivors were isolated from 
the suspension in pure culture.
Table 1. Survival of spores after UV irradiation.
Exposure time (Sec) Spore count/ml Survival (%)
0 1.068 x 107 100
20 4.046 x 106 37.88
40 4.317 x 105 4.04
60 9.5 x 104 0.89
80 2.05 x 104 0.19
100 0 0
120 0 0
Mutant Selection through Antibiotic Production 
(The Primary Screen)
In order to select a broad spectrum of high and low antibiotic producers, 
the antibiotic productivity of the mutants was estimated using an agar 
droplet method. This method was designed to reduce the time required to 
transfer agar plugs from one plate to another.
Uniform agar droplets of MYA (containing 3% agar) were placed in an 8 x 8
o
arrangement in 25 x 25cm assay dishes using a Jencons Accuramatic Duospeed 
Dispenser (Jencons Scientific Ltd., Leighton Buzzard, Beds). The operation 
was carried out in a laminar flow cabinet to prevent contamination of the 
droplets.
Using sterile cocktail sticks, each droplet was inoculated with spores 
from a survivor isolated from the 40 sec UV-irradiated spore suspension 
(Figure 2). In all, 400 survivors were inoculated. The wild type of 
Streptomyces cattleya was also inoculated. The droplets were incubated in the 
plates at 30°C for 5 days in order that the mutants may grow and produce 
antibiotics into the droplets. The droplets were prevented from drying out by 
incubating the plates in polythene bags containing damp cotton wool.
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The antibiotic production of the isolates was measured with Comamonas 
terrigena (C2034) as the challenge organism. 2m 1 of an overnight culture of 
C. terrigena and 0.6ml tetrazoleum in DMSO were added to 200ml nutrient agar, 
mixed well and poured into each assay dish to overlay the droplets such that 
the nutrient agar did not cover the agar droplets (Figure 2). The overlaid 
dishes were incubated overnight at 30°C and examined for inhibition zones 
around the agar droplets. The zones of inhibition were measured using a pair 
of calipers.
Results and Discussion
The mutants were grouped according to the size of the inhibition zones 
(Table 2). The wild type S. cattleya fell into the Group 3 producers. From 
the primary screen it appeared that 75.5% of the survivors were lower 
producers than the wild type while 10.5% were better antibiotic producers. 
14% of the survivors appeared to have the same production level as the wild 
type. Since antibiotic production is more likely to be lost than enhanced in 
UV-induced mutants (Rowlands, 1983), a high percentage of low producers would 
be expected.
Table 2. Antibiotic production in the Primary Screen
Group Zone diameter 
(mm)
Number Percentage of 
population
1 0 219 54.75
2 <10 83 20.75
3 11-20 56 14.0
4 21-30 28 7.0
5 >30 14 3.5
The survivors which were selected for use in further tests were all the 
members of Groups 3,4,5, and 30 each from Groups 1 and 2. This selection was 
made to include both high and low antibiotic producers. In all, 158 survivors 
were selected. Stock cultures of each were made on MYA slopes and kept at 4°C 
until required.
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PART 4 EXPERIMENTS W H M  THE SELECTED MUTANTS
The information obtained from the fermenter studies, and the 
physiological and morphological characteristics of Su_ cattleya were examined 
for their possible use in the classification of the selected mutants. Since 
the mutants to be classified were obtained from a common ancestor, it was 
necessary to obtain quantitative results for the tests to be used. Some of 
the characteristics examined did not produce quantitative results, for 
example, colony pigmentation. For such characteristics, qualitative results 
were used.
From preliminary experiments, it was found that for some of the 
characteristics some modification of the existing methods for testing them had 
to be made, either because of the need for a quantitative expression, or due 
to the filamentous nature of the organism. The experiments described in this 
section were carried out on all 158 mutants selected as well as the wild type 
of S. cattleya.
Glucose, Ammonia and Phosphate Utilization
Carbon catabolite, nitrogen metabolite and phosphate have all been 
observed to regulate antibiotic biosynthesis (Aharonowitz and Demain, 1977, 
1978, 1979; Martin and Demain, 1980). While rapidly utilized nutrients 
support good growth, slowly metabolised nutrients have been found to support 
optimum antibiotic production (Gallo and Katz, 1972). Colombo et al. (1981) 
found a mutant strain of Streptomyces aureofaciens which had a low growth 
rate, higher tetracycline production than its parent strain, and shows a lower 
efficiency in the utilization of phosphate for growth.
Development of the l iquid culture medium
The basic production medium (BPM) used in the fermenter for antibiotic 
production from cattleya contained 9.85 g/1 phosphate as Na2HP0^ and 
KH2PO4. The phosphate provides both the buffering as well as the phosphorus 
source for the growth of the organism and for antibiotic production. 
Phosphate in excess has been found to be repressive to thienamycin production 
(Lilley et al, 1981; Bushell and Fryday, 1983). Also the stability of 
thienamycin is optimal between pH 6 and 7 (Kahan et al., 1979). In the
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fermenter, the pH was automatically controlled by the addition of alkali in 
order to keep the pH between the required range. In a shake-flask, this was 
not possible and the inability to control the pH caused it to fall to pH 3. 
It was therefore desirable to reduce the phosphate concentration and provide a 
substitute buffer which will keep the pH effectively within the range at which 
thienamycin was stable and can be detected.
3-(N-morpho 1 ino)propane sulphonic acid (MOPS) and 2-(N-morpholino)ethane 
sulphonic acid (MES) had been found to provide the maximum stability for 
thienamycin between pH 6 and 8 (Kahan et al., 1979). Both MOPS and MES were 
found to provide good buffering for cephalosporin production by Streptomyces 
clavuligerus at concentrations between 50-100 mM (Aharonowitz and Demain, 
1977). The buffering efficiency of MOPS was therefore investigated. 0.01M 
and 0.1M MOPS (Sigma) were added to BPM with normal phosphate concentration 
and with the phosphate concentration reduced to 0.3 g/1. Lilley et al. (1981) 
showed that 0.3 g/1 phosphate was sufficient for the growth of S. cattleya. 
40 ml of each medium was measured into flasks (5 replicates per medium). 
2ml of a stirred culture of S^ cattleya in MYB was measured into each flask as 
inoculum. The flasks were incubated on a shaker at 220 rpm at 30°C for 4 
days. After this period, the flasks were assayed for antibiotics with 
Staphylococcus aureus (C864) and Comamonas terrigena (C2034). The dry weight 
of the mycelium in each flask and their final pH were measured.
The results obtained are displayed din Table 3. Medium 3 which contained 
normal PO4 concentration and 0.1M MOPS supported the highest biomass and a 
reasonably high pH, but no antibiotics were detected. In media with reduced 
PO4, the final pH was low (3.1 - 3.3) even with 0.1M MOPS. The low dry weight 
obtained in media with combinations of low (or no) phosphate and MOPS could be 
due to either insufficient phosphate for growth or toxicity of MOPS.
Other organic buffers which included MES, N,N-bis(2-hydroxyethyl)-2- 
aminoethanesulphonic acid (BES), 4-(2-hydroxyethyl)-l-piperazineethane 
sulphonic acid (HEPES), 2- [tris(hydroxymethyl )-methylamino] -1-ethane sulphonic 
acid (TES) and tris(hydroxymethyl)aminomethane-HCl (Tris), (all obtained from 
Sigma), were also tested for their ability to cope with the pH problem. All 
the buffers were found to be either ineffective or toxic at the effective 
concentration.
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Table 3. The effect of 0.01 and 0.1M MOPS on pH, dry weight and antibiotic 
production of S^ cattleya.
Medium
Composition
pH
Initial Final
Dry Weight
(g/D
Antibiotic 
Production 
C864 C2034
1. BPM (normal P04) 6.2 3.1 3.235 -
2. BPM (normal P04) 7.0 4.2 4.464 -
3. BPM (normal P04) 
+ 0.1M MOPS
7.0 5.3 5.472 -
4. BPM (reduced P04) 
+ 0.1M MOPS
7.0 3.3 1.826 —  —
5. BPM (reduced P04) 
+ 0.01M MOPS
7.0 3.1 1.703 “ —
6. BPM (no P04) 
+ 0.1M MOPS
7.0 6.1 0.717 — —
7. BPM (no P04) 
+ 0.01M MOPS
7.0 3.3 0.516
’Normal P04’ was 9.85 g/1 and ’reduced P04' was 0.3 g/1 P04 as Na2HP04 and 
KH2PO4 and in ’no P04' phosphate was not added to the medium.
It was thought that replacing glucose with glycerol would reduce the 
amount of acid produced in the cultures thus raising the final pH of the 
culture medium. The results showed that the final pH of glucose-containing 
medium was 3.3 while that of glycerol-containing medium was 3.6. The effect 
of using glycerol on the final pH of the culture was not very significant. 
Substituting NaNOg for NH^Cl resulted in poor dry weight.
Supplementing the low phosphate BPM with yeast extract failed to produce 
any significant increase in dry weight. CaCO^ was not effective in keeping the 
pH high enough. In media containing CaCOg as buffering agent, the pH of the 
cultures after incubation was between 3.0 and 4.8.
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It was then decided to try the malt yeast broth (MYB). In a pilot 
experiment, MYB (4 g/1 glucose, 10 g/1 malt extract and 4 g/1 yeast extract) 
was found to support good growth of S^_ cattleya as well as the production of 
detectable levels of antibiotics in shake flasks. After 96 hr incubation, the 
final pH of the cultures were fairly high at 5.7. In trials to find an 
appropriate medium composition to monitor casein hydrolysis, it was discovered 
that supplementing MYB with 4 g/1 casein (BDH) both increased antibiotic 
production and maintained a higher pH. Replacing the yeast extract in MYB 
with the same amount of casein resulted in more antibiotic production but the 
final pH was relatively lower than in MYB. MYB supplemented with casein was 
called malt yeast casein broth (MYCB) while MYB in which casein replaced yeast 
extract was called malt casein broth (MCB).
From the results obtained in this experiment (Table 4 and 5) it was 
concluded that MYCB was the most suitable medium for the liquid culture of the 
mutants in shake flasks which will maintain a sufficiently high pH for 
antibiotic production and detection. The addition of phosphate (as KH2PO4 and 
Na2HP0^) and ammonium (as NH^Cl) to MYCB did not alter the final pH of the 
cultures.
Table 4 Antibiotic production [as inhibition zone diameters (mm) on coli 
(SSI)] in MYB, MCB and MYCB after 96 hr incubation.
Replicate MYB MCB MYCB
1 13.9 18.0 21.85
2 20.25 17.75 22.85
3 19.3 23.45 25.6
4 19.2 21.0 22.6
Average 18.16 20.05 22.98
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Table 5 pH readings from MYB, MCB and MYCB cultures after 96hr incubation.
Medium Replicate
Ohr 24hr
Time
48hr 72hr 96hr
MYB 1 6.5 6.3 6.1 6.1 5.9
2 6.5 6.3 5.9 5.9 5.7
3 6.5 6.3 5.9 5.9 5.7
4 6.5 6.3 6.0 5.9 5.7
MCB 1 6.6 6.1 5.9 5.5 5.2
2 6.6 6.2 5.9 5.7 5.2
3 6.6 6.1 5.9 5.9 5.7
4 6.6 6.2 5.9 5.7 5.7
MYCB 1 6.5 6.2 6.1 5.9 5.7
2 6.5 6.2 6.2 6.1 6.1
3 6.5 6.3 6.1 6.1 6.1
4 6.5 6.2 6.1 6.1 5.9
Comparison of the Glucose, Ammonia and Phosphate Uti l.i zation of the Mutants.
Malt yeast casein broth (MYCB) was made up of the normal constituents of 
MYB with 4 g/1 casein, 0.99 g/1 phosphate (as 1.05 g/1 KH2PO4 and 0.38 g/1 
Na2HP0^) and 1.69 g/1 ammonium (as 5 g/1 NH^Cl). These concentrations of 
phosphate and ammonia were found to be adequate for growth and antibiotic 
production. A loopful of spores from slope cultures of each mutant was put 
into universals containing 5ml MYCB and thoroughly mixed on a vortex mixer to 
disperse the spores evenly (to prevent pellet formation in the flasks during 
shaking). The contents of each universal was used to inoculate flasks 
containing 30 ml MYCB. The flasks were incubated at 30°C for 4 days on 
orbital shakers at 220 rpm.
After the incubation period, 10ml of each broth culture was centrifuged 
and the supernatants were decanted into sterile universals. The supernatants 
were assayed for glucose, ammonia and phosphate and the dry weight from each
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culture was measured by the methods outlined in the General Materials and 
Methods. The initial glucose, ammonia and phosphate concentrations were 
determined from uninoculated MYCB.
Results and Discussion
The specific nutrient utilization of each mutant was calculated as : 
(Initial nutrient conc. - Final nutrient cone.) / Dry weight 
i.e. g. nutrient / g. biomass
Glucose Utilization
58.3% (Groups 1-4) of the mutants used less than 5g of glucose per unit 
dry weight. 7.6% (Group 9) of the mutants utilized more than lOg of glucose 
while 34.1% (Groups 5-8) used between 5 and lOg of glucose per unit dry weight 
(Figure 3). Group 5 included the wild type.
Ammonia ’Utilization*
In the fermenter studies (Figure la), it was found that cattleya took 
up ammonium from the medium during exponential growth but released ammonium 
into the medium in the stationary phase (after about 80 hr) due to deamination 
and lysis. Also the MYCB contained casein which can be broken down to produce 
ammonia. As a result, the final concentration of ammonia in shake flask 
cultures was found to be higher than that of the uninoculated medium. Ammonia 
utilization in this case is probably a composite effect based on ammonia 
secretion and utilization at different times during the growth in shake flask.
26.2% (Group 7) of the mutants produced 1.0 - 1.99g ammonium per unit dry 
weight. 55.9% (Groups 1-6) produced less than l.Og while 17.93% (Groups 8-10) 
produced more than 2.0g ammonium per unit dry weight (Figure 4). The wild type 
fell into Group 8 here.
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Glucose utilization data were obtained from duplicate cultures.
The mean results are displayed as g. glucose g  ^biomass.
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FIGURE 3 GLUCOSE UTILIZATION.
The d i s t r ib u t io n  o f  the mutants according to th e i r  glucose u t i l i z a t i o n  
in shake f la s k  cu l ture .
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Ammonia utilization data were obtained from duplicate cultures.
The mean results are displayed as g. ammonia g ^ biomass.
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The d i s t r ib u t io n  o f  the mutants by th e i r  ammonia ' u t i l i z a t i o n * .  The 
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Phosphate utilization data were obtained from duplicate cultures.
The mean results are displayed as g. phosphate g ^ biomass.
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FIGURE 5 PHOSPHATE UTILIZATION.
D istr ibut ion  o f  the mutants according to phosphate u t i l i z a t i o n .
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Phosphate Utilization
73% of the mutants (Groups 1-4) used up less than 0.04 g phosphate per 
unit dry weight while 27% were found to take up more than 0.04g phosphate per 
unit dry weight (Figure 5). Here, the wild type was found in Group 4.
Starch Hydrolysis (Amylase Production)
Starch hydrolysis is a widely used test in microbial taxonomy. In the 
taxonomic description of Streptomyces cattleya (Kahan et al., 1979) the 
organism gives a moderate hydrolysis of starch.
Normally starch hydrolysis is tested by inoculating starch agar with the 
test organism and incubating at the appropriate temperature until colonies are 
produced on the starch agar plate. After incubation, the starch agar plate is 
flooded with dilute iodine solution. Hydrolysis is indicated by clear zones 
around the colony of the organism while unhydrolysed starch turns blue. The 
zone of hydrolysis produced depends on the size of the colony which in turn 
depends on the size of the inoculum. There is, therefore, a need to estimate 
the amount of biomass producing the hydrolysis. This is not feasible when the 
colony is directly Inoculated onto the starch agar.
By growing SL_ cattleya in liquid medium in shake flasks, the dry weight 
of the culture could be measured after centrifuging a measured amount of 
culture. Test assays were carried out with supernatants of centrifuged 
culture broths using the agar diffusion cup-plate assay on starch agar (as is 
done for the antibiotic bioassay). After a few trials, it was found that 
starch agar containing 0.25% (w/v) soluble starch and 2% agar gave readable 
zones for the amount of enzyme produced in the shake flasks when the starch 
agar plates were incubated for 36 hr at 30°C.
This development had the advantage that starch hydrolysis could be 
quantified in terms of the amount of enzyme produced (or the diameter of the 
zone of hydrolysis) per unit dry weight of the mycelium. A standard enzyme 
assay using commercial enzyme is also possible with this method.
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Plate 1 Starch hydrolysis on a starch agar plate using an agar diffusion cup- 
plate method. The dark background are areas of unhydrolysed starch after the 
plate was flooded with dilute iodine solution.
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Starch hydrolysis data, were obtained by averaging three replicates 
for each strain. Analysis of variance (Minitab) indicated significant 
variation between isolates but not between replicates at the 95% 
confidence interval.
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FIGURE 6 STARCH HYDROLYSIS.
D i s t r i b u t i o n  o f  the mutants  by t h e i r  a b i l i t y  to h y d r o l y s e  s t a r c h .
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Measurement of Starch Hydrolysis
A spore suspension of each mutant was used to inoculate 30ml MYCB in 
flasks and incubated on a shaker at 30°C for 4 days. After incubation, the 
supernatant of culture broths from each flask were dispensed into wells in 
starch agar (containing 2.5 g/1 soluble starch and 20 g/1 agar) in 25 x 25 
cm assay dishes. The assay dishes were then incubated at 30°C for 36 hr 
after which they were flooded with dilute iodine solution. Where hydrolysis 
had occurred, the agar remained clear and transparent while areas with 
unhydrolysed starch turned blue (Plate 1). The zones of hydrolysis were 
measured using a pair of calipers. The dry weight of mycelia from the shake 
flask cultures was measured by the method described in the General Materials 
and Methods.
Results and Discussion
The amount of starch hydrolysed by each mutant was calculated as a st''rch 
hydrolysis index (SHI) thus:
SHI = Diameter of zone of hydrolysis / In dry weight f-
(mm / In dry weight)
since in a standard amylase (Sigma) assay the natural logarithm (In) of the 
enzyme concentration gave a linear plot against the diameter of zone of 
hydrolysis. The higher the SHI the more starch is hydrolysed per unit 
bicmass.
The distribution of the mutants according to their SHI is presented in 
Figure 6. 10.7% (Group 1) of the mutants had an SHI of less than 10 while 18%
(Groups 6-8) had over 30. Group 2 contained the wild type and the largest 
number of mutants (32.8%) with an average SHI of 12.5.
Determination of the Optimum pH for Growth
In their description of the growth characteristics of Streptomyces 
cattleya, Foor et al. (1982) noted that it grew best between pH 5.4 and 6.6, 
above which growth rate dropped rapidly to little or no growth at pH 7.9.
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Data for pH optimum determinations were obtained using 4-fold 
replication on different petri dishes.. A subjective assessment was 
then carried out as described in the text.
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FIGURE 7 pH OPT I HUN OF THE HUTANTS.
The d is t r ib u t io n  of  the mutants according to th e ir  optimum pH for  
growth. Most o f  the mutants (68.4%) grew bes t  a t  pH 6.
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To determine the optimum pH for each mutant, MYA was adjusted to pH 5, 6,
o
7, 8 and 9 and dispensed into 12 x 12 cm Petri dishes. Spores of the mutants 
were point-inoculated on to the surface of the MYA plates and incubated at 
30°C for 7 days to allow for growth at extreme pH conditions. The plates were 
then examined for the growth of each mutant. The plate on which the colony 
growth was best was regarded as being at the optimum pH for growth. In 
assessing the optimum pH, the production and colour of aerial mycelium (when 
produced) and the size of the colony at each pH were taken into consideration.
Results and Discussion
Sporulation was best at pH 5 and 6 but poor at pH 8 and 9, where fewer 
colonies produced aerial mycelium. 18.5% of the mutants grew best at pH 5, 
68.4% at pH 6, 7.7% at pH 7, 3.1% at pH 8 and 2.3% at pH 9 (Figure 7). The 
wild type cattleya had its optimum growth at pH 6. The results agree with 
the findings of Foor et al. (1982) since 68.4% of the mutants had a pH optimum 
of 6.
Tolerance to Sodium Chloride
Streptomycetes, as well as other actinomycetes, show a differential 
tolerance to NaCl (Waksman, 1967). Halotolerance varies from very sensitive 
to highly tolerant and Tresner et al. (1968) suggested that differential 
tolerance towards different salt concentrations was a character of taxonomic 
importance. Of the Streptomyces species they surveyed, they found 1.8% could 
not tolerate 4% NaCl, 26.9% tolerated 4% NaCl, 49.7% tolerated 7% NaCl, 18% 
were tolerant to 10% NaCl and 2.8% could tolerate 13% NaCl. The taxonomic 
description of S. cattleya by Kahan et al. (1979) did not, however, include 
its tolerance to salt.
The tolerance of the mutants to salt was determined by growing them on 
MYA supplemented with 5%, 10% and 15% (w/v) sodium chloride. Spores of the 
mutants were point-inoculated onto the surface of the MYA/NaCl plates and 
incubated at 30°C for 7 days. After the incubation period, the plates were 
examined for the growth of each mutant. The plate containing the highest salt 
concentration on which a mutant grew was taken to be the tolerance level for 
the mutant.
89
facing p. 90
Data for NaCl tolerance were obtained.using 4-fold replication on 
different petri dishes. A subjective assessment was then carried out 
as described in the text.
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FIGURE 8 SALT TOLERANCE OF THE MUTANTS
The d is t r ib u t io n  o f  the mutants according to t h e i r  a b i l i t y  to t o l e r a t e  
5% s a l t .  Group 1 were non-to lerant ,  Group 2 were moderately to l e r a n t  
and Group 3 were to lerant .
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Results and Discussion
No growth was observed at 10% and 15% NaCl. 51.9% (Group 1) of the 
mutants could not tolerate 5% NaCl while 41.77% (Group 2) grew moderately, and 
6.33% (Group 3) grew well at this salt concentration (Figure 8).
Kuster and Neumeier (1981) suggested halotolerance to be a genetically 
controlled property. Tresner et al. (1968) proposed that Streptomyces strains 
could be classified into three groups according to their tolerance to salt - 
those with low tolerance (4% NaCl or less), intermediate tolerance (7% NaCl) 
and high tolerance (10% NaCl or more). According to this proposed 
classification, the wild type S^_ cattleya and 51.9% of the mutants fall into 
the low tolerance groups while the other 48.1% are in the intermediate 
tolerance group.
Colony Pigmentation of the Mutants
One of the variable properties of streptomycetes is the colour of the 
aerial mycelium (Waksman, 1967). Newcombe (1953) observed that a strain of 
Streptomyces lost its orange pigment after ultra-violet or gamma irradiation, 
producing yellow or white colonies instead.
Spores of the mutants were point-inoculated onto the surface of MYA in 
Petri dishes. The plates were incubated at 30°C for 20 days. The colonies 
produced on the agar were examined after 10 days incubation, the colour of the 
aerial mycelium noted and the plates re-incubated for another 10 days. After 
20 days incubation, the colour (and its intensity) of the aerial mycelium of 
each colony was again examined and recorded.
Results and Discussion
After 10 days, three groups of mutants were differentiated according to 
the pigmentation of their aerial mycelium (Figure 9a). Colonies of mutants in 
Group 1 had aerial mycelium with white fringes and faint purple centres. This 
was typical of the wild type S. cattleya and 72.79% of the mutants fell into 
this group. Colonies of Group 2 mutants had white aerial mycelium except in 
sectors where no aerial mycelium was produced. 17.09% of the mutants belonged 
to this group. The third group of mutants had brown colonies which had a dry,
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FIGURE 9(b) PIGMENTATION AT 20 DAYS.
The d i s t r ib u t io n  o f  the mutants according to the pigmentation o f  the  
aer ia l  mycelium. Only 3 groups were d i f f e r e n t i a t e d  a f t e r  10 days 
incubation a t  30°C, but 4 groups emerged a f t e r  20 days incubat ion at  
30°C. The numbers o f  mutants in Group 1 and 3 were r e l a t i v e l y  
constant  a t  10 and 20 days while that  o f  the Group 2 mutants a t  10 days 
was reduced to h a l f  at  20 days.
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Plate 2 An MYA plate showing the appearance of the Group 1 mutants. This was 
also typical of the wild type Sh_ cattleya.
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Plate 3 An MYA plate showing the white colonies of the Group 2 mutants. The 
spores did not turn purple after 20 days incubation at 30°C, as in the Group 1 
mutants.
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Plate 4 An MYA plate showing the brown colonies of Group 3 mutants. The 
colonies sporulated poorly and had the typical dry and leathery texture of the 
substrate mycelium.
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Plate 5 An MYA plate showing the deep purple colour of the Group 4 mutants.
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leathery texture - the typical appearance of the substrate mycelium. These 
colonies produced little or no aerial mycelium. This group accounted for 
10.13% of the mutants.
. After a total of 20 days growth, four groups of mutants were identified 
(Figure 9b). Group 1 mutants had white fringed colonies with purple centres 
(Plate 2). This group included 73.42% of the mutants and also the wild type. 
Colonies of Group 2 mutants remained white (Plate 3). 8.23% of the mutants
were in this group. The Group 3 mutants remained brown in colour with a dry, 
and leathery texture (Plate 4). Their proportion remained the same at 10.13%. 
The Group 4 mutants were similar to the Group 1 mutants except that they had a 
deeper purple colour (Plate 5). They accounted for 8.23% of the mutants.
Auxofcrophy Test
M -
Auxotrophic mutants have a specific requirement of certain factors 
(vitamins, amino acids etc.) for their growth in contrast to their 
prototrophic parent strains which do not require these factors. Therefore, 
while prototrophic strains can grow on minimal medium, auxotrophic mutants 
cannot.
Spores of the mutants were point inoculated onto the surface of MYA and 
the plates were incubated at 30°C for 4 days. From these plates, spores from 
each mutant were point inoculated simultaneously onto plates of MYA and 
production medium agar (PMA - the basic production medium with 2% agar) such 
that each mutant occupied an identical position on the two plates. The plates 
were incubated at 30°C for 14 days to allow for growth on the synthetic 
medium. After the incubation period, the two sets of plates were examined for 
growth of each mutant. Growth on both media meant the mutant was capable of 
growing on the chemically defined medium while growth on only MYA and not on 
PMA meant the mutant was incapable of growth on the minimal medium and 
probably requires the addition of a specific vitamin or some other nutrient.
Results and Discussion
Only 10 mutants (6.33%) were found to grow on MYA but did not grow on 
PMA. On the other hand 93.67% of the mutants were prototrophs like the wild 
type.
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Cobalt sensitivity was determined using 5-fold replication. Plates 
were scored for growth on 4 out of 5 plates as the remainder, -ve.
Cobalt: Sensitivity
p-lactam antibiotics are known to complex heavy metal ions (Fazakerly 
and Jackson, 1975), and using this rationale, Chang and Elander (1979) were 
able to select for heavy metal resistant strains of Cephalosporium acremonium 
with improved cephalosporin C production. Although normally toxic to many 
microorganisms, cobalt is a requirement of many streptomycetes for antibiotic 
production. Without cobalt in the medium, cattleya produces little or no 
antibiotic, although vegetative growth is not greatly affected (Foor et al., 
1982).
Cobalt sensitivity was measured by point-inoculating spores of the 
mutants on to the surface of MYA supplemented with 0.5, 1.0, 5.0 and 10.0 g/1 
of cobalt (as cobalt chloride). The plates were incubated at 30°C for 7 days, 
after which they were examined. The plate containing the highest 
concentration of cobalt at which a mutant grew was considered to be the 
tolerance level of the mutant to cobalt.
Results and Discussion
No growth was observed at 5 g/1 cobalt and above. 3.2% of the mutants 
were able to tolerate 1.0 g/1 cobalt while 14.6% grew at 0.5 g/1 cobalt. 
82.2% of the mutants and the wild type could not tolerate 0.5 g/1 cobalt.
Colony Growth Rates at Different Temperatures
After an appropriate lag phase (which reflects the germination time of 
the spore inoculum), filamentous microorganisms grow exponentially for a short 
period with exponential increase in the colony radius, then the radial growth 
rate becomes constant and remains so indefinitely (Trinci, 1969; 1971). This 
linear growth of filamentous organisms can be represented mathematically 
(Pirt, 1967):
= uWt + r°
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where is the colony radius after time, t; u is the specific growth rate of 
the organism; W is the width of peripheral growth zone; t is growth period and 
r° is the radius at zero time. The peripheral growth zone is the point at 
which no new growth occurs when a cutting is made along a chord of the 
circular colony, i.e. the width of actively growing mycelium.
When the colony grows at a constant rate, 
uW = Kr
where is the radial growth rate. The minimum length of hyphal tip 
necessary to sustain a growth rate equal to is W. Thus it was found that 
the length W of the growing tip of a hypha or the ’growth unit' (Caldwell and 
Trinci, 1973) is characteristic of the species and strain of filamentous 
microorganisms. The value of W remains constant when the growth rate is 
varied by temperature, so that remains directly proportional to u.
Therefore when W is constant
u = V  
then r*1 = + r°
A plot of r^ against t will give a straight line with a slope equal to (the 
specific or radial growth rate) and an intercept equal to r° (the initial 
colony radius).
Streptomyces coelicolor A3(2) has a constant hyphal growth unit and 
initial growth was linear rather than exponential (Allan and Prosser, 1983). 
The growth kinetics of coelicolor on solid medium was also found to be 
similar to that of filamentous fungi, the total mycelial length and number of 
branches increasing exponentially at the same specific rate.
Growth rates of S. cattleya wild type
Usually, in growth rate determination, the colony radius is directly 
measured. This is reliable when the colonies are fairly circular with regular 
outlines throughout the growth period. During the first few days of growth 
(up to 4 days) cattleya produces irregular edged colonies which gradually 
become regular. Also non-sporing sectors occur on some colonies which make
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direct measurement of the colony radius inaccurate (see Plate 3). To 
overcome this problem, the area of whole colonies were measured instead with 
an image analysing computer, Quantimet 720 (Cambridge Instruments Ltd., 
Cambridge).
An agar plate containing the colonies whose areas were to be measured was 
illuminated by light transmitted through the agar from a light box below. The 
video-based image analyzer uses a television camera coupled to a suitable 
imaging device to produce an electronic video image of the agar plate. This 
image was then subjected to a detection process where features of interest 
(the colonies) in the image were separated from the background on the basis of 
their grey level or contrast differences (Swenson and Attle, 1979). The 
detected features were then measured by the image processors of the image 
analyzer. The growth rate of the wild type cattleya was measured in a 
preliminary experiment to test this method. MYA plates containing equal 
amounts of medium were point inoculated with spores of S. cattleya and the 
plates were incubated at 20, 25, 30, 37 and 44°C. After 48 hr Incubation, the 
colony areas were measured using the Quantimet 720 at 24 hr intervals for 10 
days. Colony areas were not measurable before 48 hr.
The Quantimet 720 measured the colony areas in ’picture points'. A
picture point is an element into which the picture is divided for analysis,
which is usually the smallest resolvable area. The Quantimet 720 was,
therefore, calibrated before each day’s readings were taken using a 25 cm^
standard area. The number of picture points equivalent to 25 cm^ was
recorded. Using a BASIC computer program, the colony areas in picture points
o
were converted to cm from which the colony radii were calculated. The 
program also calculated the slope (the growth rate) from a linear regression 
analysis of the colony radius at different times. A correlation coefficient 
was also calculated to give an indication of the correlation of the readings 
taken.
The colony growth rate of cattleya on solid medium was linear (Figure 
10). In S^_ coelicolor, the hyphal branches grew at a linear rate with primary 
branches exhibiting an initial slow period of extension which was not as 
evident in secondary and tertiary branches (Allan and Prosser, 1983). As a 
result of the linear growth of hyphal branches, colony growth rate would be 
expected to be linear. The results of this study, therefore, complement those
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FIGURE 10 GROWTH RATE OF S.cattleya .
The growth rates o f  S. c a t t l e y a  wild type a t  20,  25, 30,  37 an d -44°C 
(1 ,  2, 3, 4 and 5 r e s p e c t i v e l y ) .  Colony radii  were ca lcu la ted  from 
colony areas measured with the image analysing computer, Quantimet 720
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Growth rate data was obtained from averages of four replicates. 
Analysis of variance (SPSS) was carried out and variation between strains 
was significant, variation between replicates, not significant, at the 
95% confidence level.
of Allan and Prosser (1983). The inability to measure colony growth before 
48hr was probably due to the initial slow period of extension of the primary 
branches.
The growth rate of S^ _ cattleya (Figure 10) was highest at 37°C (4.07 x 
10“3 cm/hr) and lowest at 20°C (0.8 x 10“3 cm/hr). In the original 
description of S. cattleya (Kahan et al., 1979) its growth was described as 
good at 28°C, moderate at 37°C and no growth at 50°C. In the present study, 
the growth rate of cattleya at 37°C (4.07 x 10~3 cm/hr) was found to be 
almost twice that at 30°C (2.30 x 10”3 cm/hr). Foor et al. (1982) found growth 
was equally rapid at 37 and 42°C, which was twice as fast as growth at 28°C. 
In the present study, growth rate at 44°C was found to be marginally slower 
than at 37°C. Although growth rate at 44°C was higher than at 30°C 
sporulation was poorer. Sporulation at 37°C was comparable to that at 30°C. 
The specific growth rate of cattleya was found to increase with temperature 
up to 37°C after which it started to decrease (Figure 11).
Growth rates of -the mutants.
Spores of the mutants were point inoculated on MYA plates as described 
for S. cattleya wild type. The plates were incubated at 20, 25, 30, 37 and 
44°C. After 48 hr, the colony areas were read at 24 hr intervals with the 
Quantimet 720 for 10 days. For each mutant, the areas of four colonies were 
read at each temperature. An example of how the growth rate was calculated 
for the mutants is shown below using mutant 19. The colony areas read from 
the Quantimet 720 in picture poi; :s are shown in Table 6.
Using a BASIC program the colony areas in picture points were converted 
into areas in cm from which the colony radii were calculated. A linear 
regression analysis of the radius against time produced a slope which was 
equivalent to the growth rate of the colony. The colony areas (in cm3), 
colony radii (in cm) and slope (growth rate in cm/hr) calculated with the 
program for the four colonies of mutant 19 at 37°C are presented in Table 7. 
The coefficient of correlation for the four colonies was between 0.997 and 
0.998 showing the accuracy of the method. The growth rate of the 4 colonies 
of mutant 19 at 37°C was between 4.10 x 10“3 and 4.21 x 10”3 cm/hr. The mean 
growth rate for mutant 19 at 37°C was calculated to be 4.14 x 10“3 cm/hr. 
Graphs of the growth of the four colonies of mutant 19 are presented in Figure 
12.
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Table 6 Readings of areas of four colonies of mutant 19 as taken from the 
Quantimet 720 over 10 days. Incubation temperature was 37°C.
48 hr
Areas (in picture points) 
72 hr 96 hr 120 hr 144 hr
Calibration 104372 104606 104860 105050 105025
(25 cm2)
Colony 1 388 928 1634 2871 4670
2 386 962 1752 3079 4967
3 417 942 1644 2824 . 4567
4 715 1376 2231 3684 5722
168 hr
Areas (in picture points) 
192 hr 216 hr 240 hr 264 hr
Calibration 105959 106125 103787 104050 104120
(25 cm2)
Colony 1 6133 8417 10282 12076 13976
2 6531 8973 10830 12538 14277
3 6099 8312 10269 12006 13903
4 7443 9760 11771 13623 15477
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TABLE 7. CALCULATION OF COLONY AREAS, RADII AND GROWTH RATES.
MUTANT 19 COLONY 1
TIME PIC.POINTS AREA RADIUS
48 388 .0929368 . 171996
72 928 .221785 . 2657
96 1634 .389567 .352141
120 2871 .683246 .466352
144 4670 1.11164 .59485
168 6133 1.44702 .678676
192 8417 1.9828 .794447
216 10282 2.47671 .887897
240 12076 2.90149 .961027
264 13976 3-35574 1.03352
SLOPEz .00413331
COEFFICIENT OF CORRELATION = .99796
MUTANT 19 COLONY 2
TIME PIC.POINTS AREA RADIUS
48 386 .0924578 . 171552
72 962 .22991 .270523
96 1752 .4177 .364634
120 3079 .732746 .48295
144 4967 1. 18234 .613474
168 6531 1.54093 .700351
192 8973 2.11378 .820267
240 12538 3-01249 .979238
264 14277 3-42802 1.04459
SLOPEz .00420461
COEFFICIENT OF CORRELATION = .996814
MUTANT 19 COLONY 3
TIME PIC.POINTS AREA RADIUS
48 417 .0998831 . 178308
72 942 .225131 .267696
96 1644 • 391951 .353217
120 2824 .67?06l .462519
144 4567 1.08712 .588253
168 6099 1.4;o .676792
192 8312 1.95807 .789476
216 10269 2.47358 .887335
240 12006 2.88467 .958238
264 13903 3.33822 1.03082
SLOPEz .00410262
COEFFICIENT OF CORRELATION = .998163
MUTANT 19 COLONY 4
TIME PIC.POINTS AREA RADIUS
48 715 . 171262 .233484
72 1376 .328853 .323539
96 2231 .5319 .411472
120 3684 .876725 .528271
144 5722 1.36206 .65845
168 7443 1.7561 .747653
192 9760 2.29918 .855482
216 11771 2.83538 .950015
240 13623 3.27319 1.02073
264 15477 3-71615 1.08761
SLOPEz .00412398
COEFFICIENT OF CORRELATION = .997325
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FIGURE 12 GROWTH RATE OF MUTANT 19.
Colony growth rates  o f  four r e p l i c a te  co lonies  o f  mutant ) 9 at  37°C. 
The data used for the graph show the good re p l i c a t io n  obtained by 
measuring colony areas with the Quantimet 720.
106
Results and Discussion
At 20°C (Figure 13) the growth rates of 46.2% (Groups 4 and 5) of the
_ o
mutants were 0.8 to 0.99 x 10 cm/hr. 18.6% (Groups 6 and 7) had higher 
growth rates while 35.2% (Groups 1-3) had lower growth rates. The growth rate
_ o
of the wild type (0.8 x 10 cm/hr) at this temperature puts it in Group 4.
At 25°C (Figure 14), 47.4% (Groups 4 and 5) had growth rates of 1.40 to
1.59 x 10-3 cm/hr. 15.6% of the mutants had higher growth rates and 37.0% of 
the mutants had lower growth rates. The wild type falls into Group 4 here.
At 30°C (Figure 15), 35.5% of the mutants (Group 4) had growth rates of 
2.30 to 2.39 x 10”3 cm/hr and included the wild type. 31.6% (Groups 5 - 7 )  
had higher growth rates while 32.9% had lower.
44.8% (Groups 5 and 6) of the mutants had growth rates of 3.80 to 3.99 x 
10~3 cm/hr at 37°C (Figure 16). 11.7% (Group 7) had higher growth rates wlu-le 
43.5% had lower growth rates. The wild type fell into Group 7 here.
At 44°C (Figure 17), 21.4% (Group 7) of the mutants had growth rates of 
3.50 to 3.79 x 10”3 cm/hr, while Groups 3 and 4 (28.3% of the mutants) had 
growth rates of 2.30 to 2.89 x 10"*3 cm/hr. The wild type fell into Group 8 
which was made up of 4.1% of the mutants. At both 37°C and 44°C, the wild 
type fell into the groups with the highest growth rate indicating that the 
mutants were probably more sensitive to high temperatures than the wild type.
At lower temperatures (20,25 and 30°C), the spread of the mutants 
according to their growth rates was narrow while it was over a wider range at 
higher temperatures (37 and 44°C). The distributions of the mutants at the 
different temperatures overlap, the overlap increasing with temperature. The 
distribution of the mutants at 44°C overlap the distributions at 25, 30 and 
37°C (Figure 18).
Thus UV mutation and preselection on the basis of antibiotic production 
effects a range of growth rates.
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FIGURE 13 GROWTH RATE OF MUTANTS AT 20°C.
The d i s t r ib u t io n  o f  the mutants according to t h e i r  growth rates  a t  20°C
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FIGURE 14 GROWTH RATE OF MUTANTS AT 25UC.
The d i s t r ib u t io n  o f  the mutants according to th e i r  growth rates  at  25°C
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FIGURE 15 GROWTH RATE OF MUTANTS AT 30UC
The d i s t r ib u t io n  o f  the mutants according to th e ir  growth rates a t  30 C
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FIGURE 16 GROWTH RATE OF MUTANTS AT 37 C
The d i s t r ib u t io n  of  the mutants according to th e ir  growth rates a t  37°C
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The d i s t r ib u t io n  o f  the mutants according to t h e i r  growth rates  a t  44°C
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Overlaps o f  Growth Rate D is tr ib u t ion
The d i s t r ib u t io n  o f  the mutants by growth rate at  d i f f e r e n t  temperatures  
overlap.  The d is tr ib u t io n  at  44°C completely overlap those a t  25,  30 
and 37°C.
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Sensitivity to Antibiotics
In the description of species of Streptomycetes the ability of the 
species to produce antibiotics is usually recorded. The taxonomic importance 
of antibiotic production is questionable because some species can produce 
several different antibiotics and different species can sometimes produce the 
same antibiotics (Waksman, 1961; Lechevalier, 1975). The sensitivity of 
streptomycetes to antibiotics has not often been considered in taxonomic 
studies, although Waksman (1961) included it in a list of characteristics 
which he regarded as being important in the taxonomy of the genus 
Streptonyces.
In a study of the reaction of a wide range of Streptomycetes to 22 
antibiotics, Okami et al., (1960) observed that antibiotic producers generally 
resisted their own antibiotics and showed a characteristic spectrum of 
sensitivity which had potential as a guide for the identification of species 
of the genus Streptomyces. The sensitivity of other genera of actinomycetes 
to antibiotics nas been considered in their description (Lechevalier et al., 
1961; Hill and Silvestri, 1962; Cross et al., 1963). Williams (1967) 
demonstrated that streptomycetes previously grouped together by using other 
criteria had identical or very similar antibiotic sensitivity patterns. He 
concluded that the reactions of streptomycetes to a range of antibiotics would 
be of value for the description of species and studies of overall similarity.
There is, however, no report of the range of antibiotics to which 
Streptomyces cattleya is sensitive in its taxonomic description. It was, 
therefore, necessary to determine the antibiotic sensitivity of the S. 
cattleya wild type strain.
Antibiotic Sensitivity of S. cattleya wild type.
A number of methods were investigated for the preparation of 
antimicrobial challenge plates. Inoculating molten agar directly with spores 
and pouring into plates, the method used by Williams (1967) was found to give 
uneven growth in the agar. It was found that incorporating mycelia into the 
molten agar, instead, resulted in even growth of S^ cattleya in the agar 
(Plate 6).
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Plate 6 An assay dish showing the sensitivity of S^_ cattleya wild type to 
different antibiotics using the disc diffusion assay method. The antibiotics 
producing the 7 clear zones are (from left to right, top to bottom) amikacin, 
bacitracin, clindamycin, gentamicin, kanamycin, neomycin and polymyxin B (See 
Table 8).
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Table 8. The effect of different antibiotics on S. cattleya wild type.
Antibiotic Concentration Activity Zone diameter 
(mm)
1 Anpicillin 2 ug -
2 Ampicillin 10 ug -
3 Ampicillin 25 ug -
4 Amikacin 10 ug ++ 28.5
5 Bacitracin 0.1 units + 12.3
6 Carbenici11in 100 ug
7 Cefoxitin 30 ug -
8 Cefuroxime 30 ug -
9 Cephradine 30 ug -
10 Cephaloridine 5 ug -
11 Cephaloridine 30 ug -
12 Chloramphenicol 5 ug +
13 Chloramphenicol 30 ug +++ 31.8
14 Clindamycin 2 ug ++ 28.2
15 Cotrimoxazole 25 ug -
16 Erythromycin 15 ug +++ 51.1
17 Fusidic acid 10 ug +
18 Gentamicin 10 ug ++ 26.0
19 Kanamycin 30 ug +++ 37.9
20 Methicillin 10 ug -
21 Metronidazole 5 ug -
22 Nalidixic acid 30 ug -
23 Neonycin 10 ug ++ 21.3
24 Nitrofurantoin 200 ug +
25 Optochin 5 ug +
26 Penicillin G 1.27 mg -
27 Penicillin G 2.54 mg +
28 Penicillin G 5.08 mg + 13.5
29 Penicillin G 10.16 mg + 4 * 22.3
30 Penicillin G 20.33 mg ++ 26.1
31 Polymyxin B 300 units + 10.5
32 Streptomycin 10 ug +++ 30.0
33 Sulphafurazole 200 ug +
34 Tetracycline 10 ug -
35 Tetracycline 30 ug + 10.8
36 Ticarcillin 75 ug -
37 Trimethoprim 1.25 ug
'
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Results quoted for antibiotic sensitivies were derived from 
^averaging duplicate sets of data. Thus two petri dishes were used 
for each determination.
Spores of the wild type S^ cattleya were put into flasks containing 30ml 
MYB and incubated on a shaker at 30°C for 4 days at 220 rpm. Mycelia from the 
shake flasks and tetrazoleum in DMSO were added to molten MYA, thoroughly
o
mixed, then poured into 12 x 12 cm^ Petri dishes and allowed to set. Discs 
containing antibiotics (Mast Laboratories, Bootle, Merseyside) were placed on 
the surface of the agar. For penicillin, fresh discs were dipped into freshly 
made solutions of penicillin. In all, 28 antibiotics were tested, and where 
possible, different concentrations of the antibiotics were used. The Petri 
dishes were then incubated at 30°C for 4 days. After the incubation period, 
the plates were examined and the zones of inhibition were measured.
The reaction of cattleya wild type to the antibiotics tested is 
presented in Table 8. The most striking observation is that S. cattleya is 
resistant to the p-lactam antibiotics (ampicillin, carbenicillin, penicillin 
and the cephalosporins cefoxitin, cephradine and cephaloridine). High 
concentrations (more than 5mg/ml) of penicillin were needed to produce zones 
of inhibition. The antibiotics to which S^_ cattleya was most sensitive were 
the aminoglycosides amikacin, kanamycin, neomycin and streptomycin; the 
macrolide antibiotic erythromycin; chloramphenicol and clindamycin. It was 
weakly sensitive to tetracycline and the polypeptide antibiotics, bacitracin 
and polymyxin B.
It is the general observation that antibiotic producing microorganisms 
are resistant to the antibiotics they produce and related antibiotics (Okami 
et al., 1960; Demain, 1974; Gause et al., 1981), so it is not surprising that 
S. cattleya is resistant to the p-lactam group of antibiotics since most of 
the antibiotics it produces are very potent p-lactams. The antibiotics to 
which it was sensitive were very active inhibitors of protein synthesis.
Antibiotic Sensitivity of the Mutants
Spores from stock cultures of the mutants were used to inoculate flasks 
containing 30ml of MYB. The flasks were incubated on shakers at 30°C for 4 
days at 220 rpm. The mycelia from the flasks were incorporated into MYA with 
tetrazoleum chloride in DMSO. Different concentrations of 7 antibiotics 
(bacitracin, chloramphenicol, chlortetracycline, erythromycin, neomycin, 
streptomycin [Sigma] and penicillin [Glaxo]) were measured into wells cut into 
the agar. The zones of inhibition were measured and the minimum inhibitory 
concentration of each antibiotic for each mutant was calculated.
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Results and Discussion
The logarithm of antibiotic concentration gave a linear plot against the 
diameter of the inhibition zone. From the equation for a straight line graph,
y = m x + c
where y is the diameter of the inhibition zone, m is the slope of the 
straight line, x is the logarithm of the antibiotic concentration and c is the 
intercept, it follows that when the diameter of the inhibition zone (y) is 
zero, the logarithm of the antibiotic concentration (x) is the quotient of the 
intercept (-c) and the slope (m),
x = -c/m (when y = 0)
The minimum inhibitory concentration was obtained from the antilogarithm of x. 
An example of this method for calculating the minimum inhibitory concentration 
is given below to calculate the MIC of bacitracin for the wild type S. 
cattleya.
Table 9 Reaction of cattleya wild type to bacitracin
Antibiotic conc. 
(ug/ml)
log. conc. zone diameter 
(mm)
62.5 1.796 15.4
125 2.097 18.2
250 2.398 22.0
500 2.699 24.4
The bacitracin standard curve with the wild type cattleya obtained 
from the data in Table 9 is shown in Figure 19. The slope and intercept of 
this curve from a regression analysis were 10.232 and -2.995, respectively.
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The minimum inhibitory concentration of bacitracin from this was therefore, 
MICbacitracin = antilog (-2.995/10.232)
MIC bacitracin = !*962ug
Similarly, the MIC for the other antibiotics for the wild type were calculated 
and shown below in Table 10.
Table 10 MIC of 7 antibiotics for the wild type cattleya
Antibiotic Minimum inhibitory 
concentration
Bacitracin 1.962
Chloramphenicol 0.0125
Chlortetracycline 65.534
Erythromycin 0.599
Neomycin 3.867
Streptomycin 1.901
Penicillin 2.464
* Except for penicillin where the antibiotic concentrations used were in mg., 
the concentrations of the other antibiotics were in ug.
The distributions of the mutants according to their minimum inhibitory 
concentrations for each antibiotic are presented in Figures 20 to 26. 
Generally, the frequency of the resistant mutants fell as the MIC increased. 
In the case of neomycin, there was a sharp reduction in the frequency of the 
mutants at high MICs. A possible explanation could be that while there are 
many ways of becoming resistant to many antibiotics, the number of resistance 
mechanisms to the neomycins and other aminoglycoside antibiotics are 
relatively limited. Resistance to the neomycins and other aminoglycoside 
antibiotics may be due to either inactivation of the antibiotic by a number of 
enzymes (through N-acetylation of amino groups and either adenylation or 
phosphorylation of hydroxyl groups) or by changes in the target site which is 
the 30S ribosomal unit (the change being genetically controlled by the 
bacterial chromosome) (Tanaka, 1975).
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FIGURE 23 n.I.C. ERYTHROMYCIN.
The d i s t r ib u t io n  o f  the mutants according to t h e i r  MICs for  erythromycin
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Antibiotic Productivity in Liquid Culture
The amount of antibiotics produced by each mutant was measured by growing 
the mutants in malt yeast casein broth (MYCB). Spores of the mutants were put 
into universals containing 5ml MYCB and thoroughly mixed using a vortex mixer. 
The contents of the universals were then poured into flasks containing 30ml 
MYCB. The flasks were incubated for 4 days at 30°C on shakers at 220 rpm. 
After the incubation period, the broth culture of each flask was assayed for 
antibiotics using Staphylococcus aureus, Comamonas terrigena and Escherichia 
coli (SSI) and the dry weight was measured employing the methods described in 
the General Materials and Methods. Standard antibiotic assays using N- 
formimidoylthienamycin (hereafter referred to as 'thienamycin1), cephamycin C 
and cyclopentenedione and different combinations of the antibiotics were 
carried out to determine the effect of each antibiotic individually and in 
combination with the others on each of these challenge organisms including 
Flavobacterium sp.
Results and Discussion
Reaction of the challenge organisms
From the antibiotic standard assays of cyclopentenedione, cephamycin C 
and thienamycin (Table 11), it was clear that S. aureus (C864) was resistant 
to cephamyin C and Flavobacterium sp (C2116) was only sensitive to 
cyclopentenedione. All the challenge organisms were sensitive to 
cyclopentenedione, though FIavobacterium was the most sensitive. Only C. 
terrigena and E. coli were sensitive to cephamycin C, E. coli being the more 
sensitive. All the challenge organisms were sensitive to thienamycin with the 
exception of Flavobacterium sp (which gave a reaction only at high 
concentrations). The sensitivity of the challenge organisms to thienamycin in 
decreasing order was E^ coli, S. aureus and terrigena. In comparison, 
thienamycin was 16 times more potent than cephamycin C.
Thus an identification scheme (Table 12) was drawn up for the 
determination of the predominant antibiotic produced by the mutants on the 
basis of the reaction of the challenge organisms.
128
Table 11 Standard antibiotic assays of cyclopentenedione, cephamycin C and 
thienamycin.______________________________ __
Antibiotic 
conc. (mg/ml) S. aureus 
(C864)
Zone diameter (mm)
C. terrigena Flavobacterium sp 
(C2034) (C2116)
E. coli 
(SSI)
Cyclopentenedione
0.469 . . 12.80 11.30
0.938 9.65 9.60 14.40 12.70
1.875 11.25 11.65 16.25 15.15
3.75 13.75 14.90 19.80 17.70
Cephamycin C 
0.0039 17.55
0.0078 - - - 19.95
0.0156 - - - 22.60
0.0313 - - - 25.30
0.0625 - 9.60 - 28.40
0.125 - 12.65 - NM
0.25 - 19.30 - NM
0.5 - 24.00 - NM
1.0 - 27.00 - NM
2.0 - 30.70 - NM
Thienamycin
1.22 x 10“4 - - - 11.50
2.44 x 10“4 - - - 14.10
4.88 x 10"4 - - - 17.40
9.77 x 10”4 13.15 - - 23.05
1.95 x 10"3 18.95 - - 25.95
3.91 x 10"3 24.60 - - 29.85
7.81 x 10“3 28.60 10.05 - NM
1.56 x 10“2 32.30 18.90 - NM
3.13 x 10"2 NM 22.70 - NM
6.25 x 10”2 NM 27.15 - NM
1.25 x 10-1 NM 28.95 - NM
2.50 x 10"1 NM NM 12.1 NM
*The zone diameters presented are the means of duplicate observations. NM 
means zones too large to be measured. Dashes (-) indicate no zones observed.
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Table 12 Identification scheme for cyclopentenedione, cephamycin C and 
thienamycin using the four challenge organisms
Antibiotic Reaction of challenge organisms
S. aureus C. terrigena Flavobacterium E. coli
(C864) (C2034) (C2116) (SSI)
Cyclopentenedione + + + +
Cephamycin C + - +
Thienamycin + + - +
+ means sensitive, - means resistant
From Table 12 a sample that produced zones of inhibition on aureus and 
C. terrigena and none on Flavobacterium was most probably thienamycin. A zone 
produced only on terrigena and not on either S. aureus or Flavobacterium 
will most likely be cephamycin C. Where all the challenge organisms gave 
inhibition zones against a sample, if the zone diameters on S. aureus and C. 
terrigena were comparable, then the sample was presumed to be 
cyclopentenedione.
In the antibiotic combinations (Table 13), combinations 1 to 4 were made 
up of increasing concentrations of cyclopentenedione and decreasing 
concentrations of cephamycin C. The zones of inhibition on terrigena and 
E. coli were mainly due to cephamycin C in these combinations since the zone 
diameters decreased with increasing concentrations of cyclopentenedione. On 
the other hand the zones produced on Flavobacterium sp were due to the 
cyclopentenedione because the zones were increasing from combination 1 to 4 in 
response to the increasing concentrations of cyclopentenedione. S^ _ aureus, 
however, did not show any reaction to these combinations.
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Table 13 The reaction of the challenge organisms to different combinations of 
cyclopentenedione (CY) cephamycin (CE) and thienamycin (TH)
Antibiotic 
combinations & 
concentrations S. 
(mg/ml)
aureus
(C864)
Zone diameter (mm)*
C. terrigena Flavobacterium sp 
(C2034) (C2116)
E. coli 
(SSI)
1. 0.375 CY + 0.8 CE 25.7 11.1 37.1
2. 0.75 CY + 0.6 CE - 24.5 13.9 36.2
3. 0.938 CY + 0.5 CE - 23.2 14.0 35.0
4. 1.125 CY + 0.4 CE - 22.4 16.6 35.0
5. 0.2 CE + 0.08 TH 42.0 34.4 - 43.4
6. 0.4 CE + 0.06 TH 40.1 33.1 - 42.7
7. 0.5 CE + 0.05 TH 39.1 31.8 - 42.8
8. 0.6 CE + 0.04 TH 38.9 32.7 - 42.8
9. 0.8 CE + 0.02 TH 34.3 31.4 - 37.5
10. 0.19 CY + 0.8 CE 
+ 0.01 TH 29.5 30.2 39.1
11. 0.375 CY + 0.6 CE 
+ 0.02 TH 33.0 30.3 . 40.8
12. 0.469 CY + 0.5 CE 
+ 0.025 TH 33.3 31.9 11.3 41.0
13. 0.563 CY + 0.4 CE 
+ 0.03 TH 36.1 30.6 10.8 42.6
*The zones diameters presented are the means of duplicate observations. Dashes 
(-) indicate no zones were observed. All the antibiotic solutions were made 
in 10mm phosphate buffer to preserve the stability of thienamycin.
131
p. 132
Antibiotic production data was obtained by performing duplicate 
determinations on duplicate flasks. All four results were averaged.
Combinations 5 to 9 were made up of increasing concentrations of 
cephamycin C and decreasing concentrations of thienamycin. All the challenge 
organisms, excepting Flavobacterium sp responded to these combinations with 
decreasing zone diameters from combinations 5 to 9. Therefore in combinations 
of cephamycin C with thienamycin, the inhibition zone was mainly due to 
thienamycin.
Combinations 10 to 13 (Table 13) were made up of increasing 
concentrations of cyclopentenedione, decreasing concentrations of cephamycin C 
and increasing concentrations of thienamycin. With the exception of 
Flavobacterium sp, all the other challenge organisms showed an increase in the 
zone diameter from combination 10 to 13 due mainly to thienamycin. In these 
combinations, Flavobacterium sp was sensitive to cyclopentenedione.
From the foregoing, it was concluded that Flavobacterium sp was sensitive 
only to cyclopentenedione and though aureus was sensitve to both 
cyclopentenedione and thienamycin, the zones of inhibition on aureus were 
due to thienamycin. Further confidence in this arguement derives from the 
observation that aureus was resistant to cephamycin C and thienamycin was 
more potent than either cephamycin C or cyclopentenedione. Since thienamycin 
and cyclopentenedione were produced at different times in batch culture 
(Figure lb), it is possible to identify either antibiotic on the basis of the 
reaction of aureus and Flavobacterium taking into consideration the time of 
production. Zones on C_ terrigena and coli (SSI) with none on the other two 
challenge organisms could be assumed to be due to cephamycin C. Being very 
sensitive to all the antibiotics E^ coli SSI could be used to indicate the 
production of minute quantities of antibiotics.
Antibiotic production by the mutants
The amount of antibiotics produced as detected by each of the challenge 
organisms was calculated as:
diameter of inhibition zone (mm)/ln dry weight (g)
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since natural logarithm (In) of the antibiotic concentration gives a linear 
plot against zone diameter. Inhibition of aureus was obtained from 33 of 
the mutants while C_ terrigena showed production from 54 and coli 122. The 
amount of antibiotics they produced as detected by each challenge organism are 
shown in Figures 27-29.
On S. aureus, 20 mutants (Groups 2 to 4) gave an antibiotic yield higher 
than 10 mm/ln dry weight while 13 (Group 1 which included the wild type) gave 
less (Figure 27). With C. terrigena, 21 mutants (Group 1) had a productivity 
of less than 10 mm/ln dry weight, 17 (Groups 2 and 3) had between 10 and 20 
mm/ln dry weight and 16 (Groups 4 - 6 )  had a yield of over 20 mm/ln dry weight 
(Figure 28). In this case, the wild type was also a low producer and as in S. 
aureus, it fell into Group 1. E. coli (SS 1),being very sensitive, detected 
more antibiotic producing mutants than either aureus or terrigena. Of 
the 122 producers detected by R_ coli, 21 (Groups 1 and 2) had a yield of less 
than 15 mm/ln dry weight, 62 (Groups 3 and 4) had between 15 and 30 mm/ln dry 
weight, and 39 (Groups 5 - 7 )  had over 30 mm/ln dry weight (Figure 29). With 
E. coli, the productivity of the wild type put it in Group 3.
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FIGURE 27 ANTIBIOTIC PRODUCTION (S.aureus).
The d i s t r ib u t io n  of  the mutants according to th e i r  a n t i b i o t i c  production  
as measured with S . aureus. 33 mutants producing a n t i b i o t i c  were d e tec ted .  
The a n t i b i o t i c  producing the in h ib i t i o n  zones on S. aureus was most 
probably thienamycin.
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FIGURE 28 ANTIBIOTIC PRODUCTION-C.terrigena.
The d i s t r ib u t io n  o f  the mutants according to th e i r  a n t i b i o t i c  production  
as measured with C. t e r r ig e n a . 54 mutants were found to produce 
d etectab le  l e v e l s  of  a n t i b i o t i c s .
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FIGURE 29 ANTIBIOTIC PRODUCTION (E.coli)
The d i s t r ib u t io n  o f  the mutants according to t h e i r  a n t i b i o t i c  production  
as measured with E. c o l i . Being very s e n s i t i v e ,  E. c o l i  detected  
122 mutants producing a n t i b i o t i c s .
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One hundred and fifty-eight colonies were picked off, purified and 
stored on slopes. As the testing programme progressed, however, it 
was found that, in each e:xperiment, a proportion of strains failed to 
grow or cultures were contaminated in that particular test. The 
numerical analyses were initially carried out on the 84 strains which 
grew in axenic culture in all the tests.
Principal components analysis indicated one main cluster with 7 
strains apparently not related to the main cluster or to each other.
In order to obtain better resolution of the main cluster, the 7 non­
related strains were not included in the following analysis.
.All the available results from each individual test were used to 
calculate the preceding distributions.
PART 5 DATA ANALYSIS
The data resulting from the experiments described in Part 4, excluding 
the antibiotic production data, for each mutant were subj ected to computer 
analysis using the cluster analysis package CLUSTAN release 1 of version 2 
(Wishart, 1978) and the statistical package SPSS release 9.1 (McGraw-Hill 
Inc.) on the University of Surrey Prime 750 computer system (Prime Computer 
Inc. Framington, Mass., U.S.A.)
CLUSTAN is a general purpose numerical taxonomy package capable of 
performing a number of analyses on quantitative as well as qualitative 
characteristics (Wishart, 1978). SPSS (statistical package for the social 
sciences) is an integrated system of computer programs designed for data 
analysis. In addition to the usual descriptive statistics (such as simple 
frequency distributions), SPSS contains procedures for discriminant analysis, 
scatter diagrams and canonical correlations (Nie et al., 1970).
Coding the Data
The experimental data were appropriately coded for computer analysis 
depending on whether they were obtained from qualitative or quantitative 
characters.
Qualitative characters
Qualitative characters such as salt tolerance and auxotrophy which were 
simple two-state characters were coded in a binary form (one state e.g. 
tolerance as 1 and the other e.g. non-tolerance as 0). The pH optimum data 
were used without being coded. Colony pigmentation was taken as a multistate 
character and was coded as shown in Table 14.
Quantitative characters
The data from quantitative characters such as nutrient utilization, 
colony growth rates and sensitivity to the antibiotics were used directly in 
the computer analysis. Nutrient utilization, colony growth rates and 
antibiotic sensitivities provided 3, 5 and 7 variables respectively (Table
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Table 14. Coding for colony pigmentation
Colony Colour Group Code
Normal 1 
Deep purple 4 
Brown 3 
White 2
1 0  0 0 
0 1 0  0 
0 0 1 0  
0 0 0 1
Table 15. Contribution of the characters tested to 
computer analysis.
the variables used in th«
Character Number of variables
1. iNutrient utilization
(glucose, phosphate and ammonia)
..m ,,. 3
2. Starch hydrolysis 1
3. Growth rates
(at 20, 25, 30, 37 & 40°C)
5
4. pH optimum 1
5. Salt tolerance 1
6. Colony pigmentation
(normal, deep purple & brown)
3
7. Cobalt sensitivity 1
8. Auxotrophy 1
9. Antibiotic sensitivity 
(7 antibiotics)
7
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15). All data were transformed by standardization (i.e. expressed as numbers 
of standard deviations) prior to cluster analysis.
Cluster Analysis
A data matrix of square Euclidean distances was calculated from the 
transformed data. Two types of analyses were performed : (i) a similarity 
matrix was constructed and a number of possible dendrograms were calculated to 
determine the relationships between the mutants and (ii) the correlation 
between the mutants was calculated in the form of principal components which 
were used to produce scatter plots. The principal components of the 
correlations between the characters tested were also calculated and scatter 
plots produced from these. Cluster analysis leads to an explicit separation 
of individuals into groups (or clusters), thus producing a classification.
Construction of dendrograms
It is possible to construct a number of dendrograms using CLUSTAN. Three 
types of dendrograms were produced in this study using three types of 
clustering methods: (i) single-linkage (nearest neighbour) clustering, (ii) 
complete-linkage (furthest neighbour) clustering and (iii) group-average 
clustering.
These clustering techniques produce clusters by finding the most similar 
pair of individuals and merging them to form a group. The similarity between 
this group and all the other individuals is recalculated (depending on which 
clustering method is being used), the group being considered as an entity. 
The most similar pair of individuals are found as the process recycles until 
only one individual remains. The clustering methods differ in the way in 
which similarity between a group of merged individuals and the remaining 
individuals are calculated.
Single-linkage clustering
This is the simplest method of clustering and it defines the similarity 
(dissimilarity) between two clusters of individuals as that of their most 
similar (least dissimilar) pair, where only pairs consisting of one individual 
from each group are considered (Dunn and Everitt, 1982).
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Figure 30 Nearest Neighbour Dendrogram
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When all the mutants were subjected to cluster analysis, a large group 
was produced with a number of individuals scattered at considerable distances 
from this main group. Since the objective of the analysis was to define 
clusters of high (and low) producing individuals, these single individuals 
were then ignored in order to allow a finer discrimination of the strains in 
the large group. This group which was made up of 77 members was'further 
resolved by cluster analysis. In the dendrograms, strain number 77 is the 
wild type Streptomyces cattleya.
The single-linkage (nearest neighbour) dendrogram obtained from CLUSTAN 
for the 77 mutants is presented in Figure 30. Since the data of antibiotic 
production was not included in the data analysed, the high titre antibiotic 
producers were identified on the dendrogram. A high-titre producer was 
defined as a mutant capable of producing a zone diameter in excess of 12mm and 
antibiotic production higher than 10.0 mm/ln dry weight on Staphylococcus 
aureus, strain C864. Two clusters of high antibiotic producing mutants were 
indicated in the single-linkage dendrogram - one containing two members (1) 
and the other, five (2a). In the other subgroup of Group 2 (2b), one quarter 
of the mutants were high producers. The step-wise linkage of the mutants, 
often referred to as 'chaining', is a characteristic property of single­
linkage dendrograms. This is because an unlinked taxon is able to join a 
cluster at a relatively low similarity level in the dendrogram. Distinct 
groups of individuals then become linked by a 'chain' of other individuals 
lying between clusters (Dunn and Everitt, 1982).
Complete-linkage clustering
Complete-linkage clustering is the exact opposite of single-linkage 
clustering, with similarity (dissimilarity) between the groups now being 
defined as that of the least similar (most dissimilar) pair, one from each 
group (Dunn and Everitt, 1982). The complete-linkage dendrogram for the 
mutants (Figure 31) showed a better separation of the mutants into clusters 
but only two clusters of high producers (based on antibiotic detected by S. 
aureus) could be identified.
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A principal components scatterplot (Figure 33) did not give rise 
to obvious grouping/ a result which could have been anticipated given 
the comparatively low cumulative variance of the first three vectors 
(Table 16). When the high antibiotic producers were highlighted, 
however, they appeared to map close to each qther in two areas of the 
diagram (indicated by the lines drawn on the principal components map).
It was reasoned that the proximity of the high titre mutants on 
principal components and dendrogram plots was unlikely to be due to 
coincidence, particularly as the antibiotic titre data was not used in 
the numerical analysis. A discriminant analysis was, therefore, carried 
out in order to determine the extent to which the high titre groups could 
be distinguished frcm each other and from the lower titre strains (q.v. 
p. 152).
Figure 31 Furthest Neighbour Dendrogra
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Group-average clustering
This method defines the proximity between two clusters as the average of 
the proximities between all pairs of individuals that are made up of one 
individual from each group (Dunn and Everitt, 1982). The group-average 
dendrogram (Figure 32) gave the best clustering of the mutants. On 
inspection, three distinct clusters of high antibiotic producers (based on 
antibiotic detected by aureus) were found. The three clusters contained 2, 
5 and 7 members, respectively.
Principal Components Analysis
Principal components analysis is an ordination technique used to express 
the data as composite vectors which can be represented in multi-dimensional 
space. Usually the vectors may be plotted in a reduced number of dimensions 
whilst retaining most of the information in the original data. The data must 
either be all on the same scale or it must be standardized. Principal 
components analysis starts by calculating a correlation matrix of the 
character variables, then it finds linear transformations of the original 
variables which have the property of being uncorrelated. Each transformation 
or principal component has the property of successively accounting for the 
maximum amount of variance in the data. Thus, it is possible to plot the 
individuals being considered using the first two or three principal components 
as axes and provide a good representation of the taxonomic relationships. In 
this way, principal components analysis refers the original data to a new set 
of orthogonal axes. When only the first few principal components are used to 
represent the data, the relative positions of the points in the new character 
space are approximations to the relative positions of the individuals in the 
original character space, and the Euclidean distance between two points in the 
principal components space is an approximation to the Euclidean distance 
between the corresponding points in the original space (Dunn and Everitt, 
1982).
Using CLUSTAN, 23 principal components were calculated and the first 
three components were found to account for 27.60% of the variability within 
the data for the mutants (Table 16). Principal components plots of the 
mutants using vectors 1, 2 and 3 were plotted (Figures 33 and 34). These plots 
show the scatter of the mutants in two dimensions. By identifying the high
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antibiotic producers (based on antibiotics detected by aureus),, the scatter 
plot of vectors 1 and 3 (Figure 34) showed three areas in which high 
antibiotic producers were clustered together. In the scattergram of vectors 1 
and 2 (Figure 33), the groups were not as distinct. The wild type 
Streptomyces cattleya is strain number 77 in Figure 33 and 34.
Table 16 Principal components and the amount of variations they account for.
Principal component 
vectors
Percentage variance Cumulative variance
1 10.15 10.15
2 9.51 19.66
3 7.94 27.60
4 7.32 34.92
5 6.59 41.51
6 6.22 47.73
7 5.72 53.45
8 5.07 58.53
9 4.63 63.15
10 4.30 67.46
11 4.00 71.46
12 3.35 74.81
13 3.29 78.10
14 2.85 80.95
3.5 2.48 83.43
16 1.99 85.42
17 1.66 87.08
18 1.43 88.51
19 1.26 89.77
20 1.21 90.98
21 0.32 91.30
22 0.00 91.30
23 0.00 91.30
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Relationship Between Hie Characters
Each eigenvector calculated using the principal components analysis 
contains varying information from all the characters tested. By plotting the 
principal component scores for each variable tested along the principal 
component axes, the relative contribution of each character variable to each 
vector and also the spatial relationship between the character variables can 
be seen.
Since the plot of vectors 1 and 3 (Figure 34) gave a more distinct 
clustering than that of vectors 1 and 2 (Figure 33), the principal component 
scores of the variables along vectors 1 and 3 were plotted (Figures 35 and
36). This principal components analysis was done by the SPSS package. Figure 
35 shows the contribution of the character variable to the vectors which led 
to the differentiation of the mutants. Variables 2,4,5,6,7,8,11,13,14 and 15 
(growth rates at 25,37 and 44°C, glucose, ammonia and phosphate utilization, 
sensitivity to the antibiotics chloramphenicol, neomycin, penicillin and : 
erythromycin, respectively) contributed principally to vector 1 while those 
variables contributing to vector 3 were 4,9,10,15,16 and 21 which were growth 
rate at 30 and 37°C, starch hydrolysis and sensitivity to the antibiotics 
bacitracin, erythromycin and streptomycin, respectively (Table 17).
Figure 36 shows the relationship between the character variables. The 
variables close together jointly differentiate the mutants in the same 
direction and can therefore be grouped together. For example, variables 
12,13,17 and 22 (MIC chlortetracycline, MIC neomycin, cobalt sensitivity and 
salt tolerance) all differentiated the mutants together in the same direction. 
Another group with such diversity contained variables 2,6,7,8,11 and 14 which 
were respectively, growth rate at 25°C, glucose, ammonia and phosphate 
utilization, MIC chloramphenicol and MIC penicillin. Also variables 4,5 and 
15 (growth rate at 37°C and 44°C and MIC erythromycin, respectively) 
differentiated together in the same direction.
From Figure 36 it can be seen that characteristics which are apparently 
physiologically unconnected can have a similar effect in terms of grouping the 
mutants.
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FIGURE 35 SCATTERPLOT OF THE CHARACTER VARIABLES USED.
HORIZONTAL FACTOR 1 VERTICAL FACTOR 3
16
19
20
13
1712
21
10
8
14
15 5
11
18
1 = V1 
3 = V3 
5 = V5 
7 = V7 
9 = V9 
11 = V11 
13 = V13 
15 = V15 
17 = V17 
19 = V19 
21 = V22
2 = V2 
4 = V4 
6 = V6 
8 = V8 
10 = V10 
12 = V12 
14 = V14 
16 = V16 
18 = V18 
20 = V21
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Table 17 List of character variables
Variable Description
VI Colony growth rate at 20°C
V2 Colony growth rate at 25°C
V3 Colony growth rate at 30°C
V4 Colony growth rate at 37°C
V5 Colony growth rate at 44°C
V6 Glucose utilization
V7 Ammonia utilization
V8 Phosphate utilization
V9 Starch hydrolysis
V10 MIC Bacitracin
Vll MIC Chloramphenicol
V12 MIC Chlortetracycline
V13 MIC Neomycin
V14 MIC Penicillin
VI5 MIC Erythromycin
VI6 MIC Streptomycin
V17 Cobalt sensitivity
V18 Colony pigmentation-normal
V19 Colony pigmentation-deep purple
V20 Colony pigmentation-brown
V21 pH optimum
V22 Salt tolerance
V23 Auxotrophy
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FIGURE 36 SCATTERPLOT OF THE CHARACTER VARIABLES SHOWING TEST GROUPINGS.
HORIZONTAL FACTOR 1 VERTICAL FACTOR 3
Bacitracin
Growth 
rate 30°C
Colour 2 ^
(deep purple
Streptomycin
Neomycin
Starch
Cobalt
Salt
Growth rate 44°C
hosphate used
Ammonia used
Penicillin 
Glucose used
Growth rate 25°C
hloramphenicol
Colour 1 
(normal)
1 = VI 2 = V2
3 = V3 A = VA
5 = V5 6 = V6
7 = V7 8 = V8
9 = V9 10 = V10
11 = V11 12 = V 12
13 = V13 1A = VIA
15 = V15 16 = V16
17 = V17 18 = V 18
19 = V19 20 = V21
21 = V22
Chlortetracycline
Growth rate 
20°C
rythromycin 
Growth 
rate 3?°C
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Discriminant Analysis
It was necessary to determine which variables differentiated the three 
groups of high antibiotic producers in Figure 34 from each other and from the 
low antibiotic producers. This was done by the discriminant analysis 
procedure of the SPSS package. Discriminant analysis discriminates between 
two classes in terms of choosing a linear function of the characters that has 
the greatest variance between the classes relative to variance within the 
classes. Where this technique is applied to more than two groups it is known 
as canonical variate analysis (Dunn and Everitt:, 1982).
Canonical variate analysis is similar in certain ways to principal 
components analysis in that transformed axes are produced but in this case the 
first axis is required to be in the direction of greatest variability between 
the means of the different groups. The second axis is chosen to be orthogonal 
to the first and inclined in the direction of the next greatest variability; 
similarly for the third and subsequent axes. These axes are called canonical 
variates. The number of vectors which can be extracted from the between group 
matrix is given by min{p,n-l}, where p is the number of characters and n is 
the number of groups. When n is 2, only a single canonical variate can be 
found and this is equivalent to the discriminant function (Dunn and Everitt, 
1982). A plot of the group means in canonical variate space is often useful 
for displaying the relationships between the groups. Since the variates 
acount for decreasing amounts of variance, a plot in the space of the first 
two or three variates is generally most useful (Dunn and Everitt, 1982).
Discriminant analysis was used to determine the variables which 
differentiate the three groups of high antibiotic producers (in Figure 34) 
from each other. Ten variables which gave a complete separation of the three 
groups were identified (Table 18). Since three groups were being considered, 
only two vectors (canonical discriminant functions) were produced. The 
probability that each mutant belonged to a certain group was calculated and 
the mutant was assigned to the group with the highest probability. The 
discriminant scores and the probability by which the high producers were 
grouped are presented in Table 19. The discriminant scores of each variable 
for the high producers were plotted to produce a two-dimensional scatterplot 
of the three groups of high antibiotic producers. Group 1 contained 13 
members, while Groups 2 and 3 contained 4 and 3 members, respectively (Figure
37). Table 20 shows the result of the classification of the high antibiotic
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producing mutants into the three groups using the canonical discriminant 
function coefficients of the ten variables. In all the cases, the group of 
each mutant was correctly predicted.
Table 18 Standardized canonical discriminant function coefficients of 
characters which differentiated between the three groups of high antibiotic 
producers.
Variable Function 1 Function 2 Test Character
V5 4.51089 0.35819 Growth rate at 44°C
V7 4.27231 0.05461 Ammonia utilization
V8 1.96386 0.65091 Phosphate utilization
V9 3.07957 0.89097 Starch hydrolysis
V10 -1.47419 0.19583 MIC Bacitracin
Vll -2.42189 0.33266 MIC Chloramphenicol
V12 1.28632 0.35966 MIC Chlortetracycline
V13 -2.72215 0.20703 MIC Neomycin
V14 2.41850 -0.66320 MIC Penicillin
V16 2.94922 -1.11661 MIC Streptomycin
The low antibiotic producers were not included in Figure 37. Including 
them, however, produced some overlaps in the groups (Figure 38). Like Table 
20, Table 21 shows the results of the classification of the mutants into four 
groups. While 100% success was scored for correctly classifying the various 
strains into Groups 1,2 and 3 in Table 20; in Table 21, only 76.9% success was 
achieved for Group 1, 75% for group 2 and 100% for Group 3. A 50.9% success 
was achieved in the classification of the Group 4 strains.
In order to obtain a more useful discrimination, it was necessary to 
define the variables which distinguish the Group 1 high antibiotic producers 
from the low producers and the other high producers.
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TABLE 19 CALCULATION OF THE GROUPINGS OF THE HIGH ANTIBIOTIC PRODUCING STRAINS 
FROM THEIR DISCRIMINANT SCORES, GIVING THE HIGHEST PROBABILITY OF THE GROUPINGS.
CASE
NO.
ACTUAL
GROUP
HIGHEST
GROUP
PROBABILITY 
P(X/G) P(G/X)
DISCRIMINANT SCORES
1 1 1 0.8965 1 .0 0 00 -4.4278 0 . 7 1 1 8
7 1 1 0.2759 1 . 0 0 0 0 -4.9799 -1.2799
8 1 1 0.2059 1 .0 0 0 0 -6.2674 0 . 1 5 8 0
14 1 1 0 . 9 1 8 8 1 .0 0 0 0 -4.8106 -0 . 0 1 1 6
18 2 2 0.9473 1 .0 0 00 5.5904 -1.8277
22 1 1 0.3797 1 . 0 0 0 0 -5.8702 0.4410
23 1 1 0 .1713 1 .0 0 00 -3.2837 1.6871
24 1 1 0.2448 1 .0 0 0 0 -3-7652 -1 .2634
26 1 1 0.5634 1 .0 0 00 -3.5575 0 . 7 7 2 8
27 1 1 0 . 6 0 6 0 1 .0 0 00 -3.6863 0.8428
31 2 2 0 .1924 1 .0 0 0 0 4.0928 -1.2813
32 1 1 0.3839 1 .0 0 0 0 -r4. 5065 -1.1348
34 1 1 0 . 7 6 1 6 1 .0 0 0 0 -3.9846 -0 . 2 8 7 2
36 3 3 0.9797 1 .0 0 0 0 11.9325 1.9700
37 2 2 0.8729 1 . 0 0 0 0 5.2892 -2.4714
42 1 1 0.7817 1 .0 0 0 0 -5.1899 0 . 1753
45 1 1 0 . 0 8 6 0 1 .0000 -4.0646 2.4226
66 3 3 0 . 7 8 6 2 1 .0000 1 1 .9 0 1 0 1.0827
71 3 3 0.8799 1 .0 0 0 0 11.7924 2.2748
74 2 2 0 .0 7 6 8 1 .0 0 0 0 7.7958 -2 . 9 8 1 8
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Table 20 Classification results of the high antibiotic producers in Figure 37
Actual Group NO. of Cases Predicted Group Membership 
1 2  3
Group 1 13 13 0 0
100.0% 0.0% 0.0%
Group 2 4 0 4 0
0.0% 100.0% 0.0%
Group 3 3 0 0 3
0.0% 0.0% 100.0%
Percentage of 'grouped' cases correctly classified: 100.0%
Table 21 Classification results of all the producers (Figure 38)
Actual Group No. of Cases Predicted Group Membership 
1 2 3 4
Group 1 13 10 3 0 1
76.9% 0.0% 0.0% 7.7%
Group 2 4 0 3 0 1
0.0% 75.0% 0.0% 25.0%
Group 3 3 0 0 3 0
0.0% 0.0% 100.0% 0.0%
Group 4 57 9 15 4 29
15.8% 26.3% 7.0% 50.9%
Percentage of ’grouped' cases correctly classified : 58.44%
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Since only two groups (the high producers in Group 1 and all the others 
put together) were being considered, only a single discriminant function could 
be obtained from which a one-dimensional plot was produced. In this all 
groups stacked histogram (Figure 39), the high antibiotic producers of Group 1 
were differentiated from all the other groups (grouped together as a new Group 
2) by 7 character variables. In Figure 39, the Group 1 high antibiotic 
producers (represented by 1) are to the right hand side of the plot while the 
other group (represented by 2) are on the left. On this plot, any mutant 
found to the right hand (positive) side of the plot, is very likely to be a 
high antibiotic producer. The further to the right the position of the mutant 
is, the more certain this will be. The converse is true for the low 
antibiotic producers. Since the high producers of Group 2 and 3 (in Figure 
37) were included with the low producers as the second group in this 
discriminant analysis, an area overlap of the two groups in the histogram 
(Figure 39) also occurs. New mutants falling in this area would be difficult 
to classify in terms of the predicted characteristics.
The results of the classification of the Group 1 strains and the new 
Group 2 strains in the histogram are presented in Table 22. 84.6% of the
Group 1 strains were correctly classified as predicted while 81.3% of the 
Group 2 strains were correctly classified. On the whole, 81.82% of the 
mutants considered in the analysis were classified correctly.
Table 22 Classification results from the stacked histogram (Figure 39).
Actual Group No. of Cases Predicted Group Membership 
1 2
Group 1 13 11 2
84.6% 15.4%
Group 2 64 12 52
18.8% 81.3%
Percentage of ’grouped’ cases correctly classified : 81.82%
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The 7 character variables which separated the Group 1 high producers from 
the others are listed in Table 23 with their discriminant function 
coefficients. The discriminant function coefficients may be used to obtain 
the position of any new mutants on the histogram by multiplying the 
coefficients with the standardized variable values and adding them together 
thus:
V = 0.41 (Growth rate at 20°C) - 0.595 (Glucose utilization)
+ 0.614 (Starch hydrolysis) + 0.508 (MIC Neomycin) - 0.262 
(MIC Penicillin) + 0.414 (MIC Erythromycin) + 0.407 (Cobalt).
Table 23 Standardized canonical discriminant function coefficients of 
characters which differentiated between the high antibiotic producers and the 
low producers.
Variable Discriminant
function
Test Character
VI 0.41020 Growth rate at 20°C
V6 -0.59460 Glucose utilization
V9 0.61360 Starch hydrolysis
V13 0.50796 MIC Neomycin
V14 -0.26148 MIC Penicillin
V15 0.41425 MIC Erythromycin
V17 0.40726 Cobalt sensitivity
If V is greater than 1 the new mutant will be plotted on the right hand 
side of the histogram and would likely be a high antibiotic producer. The 
higher the value of V the more to the right the mutant falls and the more 
certain that it is a high producer. If on the other hand, V is less than 1, 
the mutant is more likely to fall on the left hand side of the plot as a low 
antibiotic producer.
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The information from the discriminant function coefficients could be used 
to determine the selective survival conditions for spores likely to give high 
antibiotic producers after being subjected to mutagenesis, making it 
unnecessary to carry out elaborate antibiotic assays.
Thus an incubation temperature of 20°C for spores surviving exposure to 
UV radiation would be appropriate since those mutants with growth rates higher 
than 41% of the mean growth rate at 20°C will have higher values for V and are 
more likely to be high antibiotic producers. The negative value of the 
discriminant function for glucose utilization indicated that a low glucose 
utilization was desirable. The higher the glucose utilization, the lower the 
value of V and the more likely that the mutant will be a low producer. This 
is consistent with the numerous observations of glucose repression of 
antibiotic production (e.g. Aharonowitz and Demain, 1978). A high 
discriminant function for starch hydrolysis indicated that the ability to 
hydrolyse starch was desirable. This effect would probably be expected since 
starch provides a f- .pply of glucose which is slowly assimi] ated, thereby 
reducing the glucose repression effect described above. Interestingly, 
however, the effects of starch hydrolysis and glucose utilization on strain 
discrimination (Figure 36) are quite different suggesting that induction of 
starch hydrolysis per se has a beneficial effect an antibiotic production. It 
would, therefore, be probably better to have starch in the selective isolation 
medium rather than glucose.
The positive discriminant function coefficients for the sensitivities to 
neomycin, erythromycin and cobalt indicated that these characters could be 
used for the positive selection of high antibiotic producers. If neomycin, 
erythromycin and cobalt were included in a selective isolation medium at 
concentrations slightly higher than the average concentrations to which the 
population was sensitive, any new mutant surviving such selective conditions 
will probably have a high value for V and will probably be a high antibiotic 
producer. The negative discriminant function coefficient for penicillin 
indicated the possibility that the mutants, including the low producers, would 
be resistant to penicillin. This is also evident from the high resistance of 
the wild type Streptomyces cattleya to penicillin in Table 8 where high 
concentrations (milligrams rather than micrograms) of penicillin were required 
to obtain measurable zones of inhibition. Therefore penicillin will not be 
useful in the positive selection of new high antibiotic producers.
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PART 6 MUTANT SELECTION W H H  DIFFERENT SELECTIVE MEDIA
Discriminant analysis defined 7 character variables which differentiated 
high antibiotic producers from the remainder of the population. These 
characters were used to investigate the possibility of formulating isolation 
media which would impose positive selection pressures on high-titre UV 
mutants. The ability of the characters to select for high-titre antibiotic 
producing mutants was examined by measuring the antibiotic productivity of the 
surviving mutants.
Composition of the Selective Media
The selective conditions were made to determine the individual and 
combined effects of the characters in selecting high antibiotic producers. 
The composition of the selective media were such that the characters could 
have the optimum effect in the selection of high-titre antibiotic producers.
The position of a new mutant on the plot for high and low producers 
(Figure 39) can be obtained from the sum of the product of the discriminant 
function coefficients (from Table 23) and the standardized variables values in 
the equation :
V = 0.41 (Growth rate at 20°C) - 0.595 (Glucose utilization )
+ 0.614 (Starch hydrolysis) + 0.508 (MIC Neomycin) - 0.262 
(MIC Penicillin) + 0.414 (MIC Erythromycin ) + 0.407 (Cobalt)
By maximising the values of the positive variables and reducing the values of 
the negative variables, the value of V is increased and the chances that the 
mutant is a high-titre antibiotic producer is higher. In formulating the 
selective conditions for the media, the negative characters (glucose 
utilization and MIC Penicillin) were found to be undesirable. The higher the 
glucose utilization, the lower the value of V and the more likely the mutant 
will be a low producer. A high positive discriminant function (Table 23) for 
starch hydrolysis indicated that the ability to hydrolyse starch was 
desirable. Therefore, it was decided to substitute starch for glucose in the 
selective isolation media. The negative discriminant function coefficient 
(Table 23) for penicillin indicated that the low producing mutants would 
probably be resistant to penicillin and therefore, resistance to penicillin
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would not be a useful selective condition for high antibiotic producers. As a 
result, penicillin was omitted from the selective characters used in the 
formulation of the selective media. The sensitivities of the mutants to 
neomycin, erythromycin and cobalt gave positive discriminant function 
coefficients (Table 23), indicating that these characters were desirable for 
the positive selection of high antibiotic producers. Including them at a 
slightly higher than average concentration to which the whole population was 
sensitive in a selective medium will select for new mutants which will have a 
higher value for V and thus map to the right side of the plot (Figure 39) as 
high-titre antibiotic producers. Of all the growth temperatures used 
(20,25,30,37 and 44°C) discriminant analysis gave 20°C to be the most 
desirable for the positive selection of high antibiotic producers. Therefore, 
the incubation temperature for the selection of the new mutants was chosen to 
be 20°C. In this way, the selective conditions for the isolation of the new 
mutants were formulated using the character variables indicated by 
discriminant analysis.
In the selective media, the concentration of starch used was 4g/l (to 
replace glucose) and that of cobalt was 0.5 g/1 (since only 17.8% of the 
mutants previously tested were resistant to 0.5 g/1 cobalt). For the 
antibiotics erythromycin and neomycin, the mean MIC for the mutants previously 
tested were respectively 2.117 and 0.787 mg/ml. In order to maximise the 
chances of selecting for high antibiotic producers, these mean concentrations 
of the antibiotics were increased by 25% to 2.7 and 1.0 mg/ml respectively. 
The incubation temperature with the selective media as indicated by the 
discriminant analysis was 20°C. The selective conditions were combined in 
different ways to produce the selective media A-J (Table 24).
Media A and B contained the normal constituents of malt yeast agar (MYA) 
as control media with A being incubated at 30°C and B at 20°C. The selective 
effect of temperature can be observed from the difference between the isolates 
from these two media. In medium C, glucose was replaced by starch and the 
difference between the productivity of the isolates from media B and C will 
show the selective effect of starch. In media D, E and F, neomycin, 
erythromycin and cobalt were respectively added to the constituents of medium 
C. A comparison of the productivity of the isolates from each of these media 
with those of medium C will give an indication of their selectivity. The 
effects of paired combinations of the selective conditions of erythromycin, 
neomycin and cobalt can be determined from isolates of media G,H and I. Medium
163
Table 24 Selective conditions for the isolation of high antibiotic producers
Medium Constituents Concentration Incubation temperature
(g/1)
A Glucose 
Yeast extract 
Malt extract 
Agar
4.0
4.0 
10.0 
20.0
30UC
B Same as A 20°C
C Starch
Yeast extract 
Malt extract 
Agar
4.0
4.0 
10.0 
20.0
20°C
D Same as C 
+ Neomycin 1.0
20°C
E Same as C 
+ Erythromycin 2.7
20°C
F Same as C 
+ Cobalt 0.5
20°C
G Same as C 
+ Neomycin 
+ Erythromycin
1.0
2.7
20°C
H Same as C 
+ Neomycin 
+ Cobalt
1.0
0.5
20°C
I Same as C
+Erythrcmycin
+Cobalt
2.7
0.5
20°C
J Same as C 
+ Neomycin 
+ Erythromycin 
+ Cobalt
1.0
2.7
0.5
20°C
* Concentrations for neomycin and erythromycin are in mg/ml.
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J contained all the selective conditions combined together and isolates from 
this medium will show how effective all the selective conditions were together 
for selecting high antibiotic producers.
Isolation of Mutants with the Selective Media
Using a procedure similar to that described in Part 3 (Mutant Induction, 
Isolation and Selection), a spore suspension was exposed to UV radiation for 
different lengths of time and the suspension which gave 5% survival was 
determined. The UV irradiated spore suspension was then plated out directly 
onto the different selective media and incubated at 20°C (30°C for medium A) 
for 14 days after which they were examined for growth. The colonies which 
were produced on each selective media were counted and the percentage recovery 
relative to medium A was calculated. Only media A to D were able to produce 
colonies while none were produced on media E to J.
Table 25 Colony counts from the selective media
A B
Media
C D E - J
Colony Count 275 93 120 75 0
(10”^ dilution) 288 70 126 86 0
Colony count/ml 2.82 x 105 8.15 x 104 1.23 x 105 8.05 x 104 0
Percentage
Recovery
100% 28.9% 43.62% 28.55% 0%
From Table 25, there was definitely a selective effect by the conditions 
imposed by media B, C and D. Apparently, the difference in the colony count 
between medium B and A was due to the effect of the incubation temperature. 
The selectivity of starch produced 43.62% recovery of survivors while the 
addition of neomycin to medium C (as medium D) further reduced the recovery to 
28.55%. The method of direct plating appeared unsuitable for the other 
media. Several attempts to isolate directly by plating spore suspensions onto 
the media were unsuccessful.
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An alternative method was then used for isolating mutants on the 
selective media. The UV irradiated spore suspension was initially plated out 
on malt yeast agar plates and incubated at 20°C for 7 days. After the 
incubation period, the agar with the colonies on it was placed face down over 
the selective agar and the colonies left in contact with the selective agar 
for 24 hr at 20°C. After this time, the MYA layer was removed and the 
selective agar was incubated at 20°C until colonies appeared. Colonies 
produced were subcultured onto MYA slopes and kept for further tests. By this 
method, colonies were produced on media E and G. No colonies were produced on 
media F,H,I and J. By putting the selective agar plates (after the overlying 
MYA layer had been removed) at a higher incubation temperature (30°C) the 
spores were induced to produce colonies on media F, G and I. The colonies 
produced were subcultured onto MYA slopes.
In order to produce colonies on medium J, the spore suspension was spread 
onto MYA, incubated at 20°C for 14 days, then the MYA and its colonies were 
placed inverted on top of the medium J agar. The colonies were left in 
contact with the medium J agar for 24 hr at 30°C. After this the MYA layer 
was removed and the medium J agar was incubated at 30°C until colonies were 
produced. The colonies were subcultured onto MYA slopes and kept for further 
tests.
Determinaticn of the Antibiotic Productivity of the Selected Mutants
Each of the mutants isolated from each selective agar (40 from medium B 
and 50 from each of the others) were inoculated individually into 30ml malt 
yeast casein broth (glucose 4 g/1, yeast extract 4 g/1, malt extract 10 g/1, 
casein 4 g/1) and incubated on shakers at 220 rpm for 96 hr at 30°C. After 
the incubation period, the dry weight of the mycelia and the antibiotic 
produced in the medium in each flask was measured using Staphylococcus aureus 
(C864), Comamonas terrigena (C2034) and Flavobacterium sp (C2116) with the 
methods described in the General Materials and Methods.
Results and Discussion
As before (in Part 4) the specific antibiotic production of each mutant 
with each indicator organism was calculated from the antibiotic zones and the 
dry weight of the mycelia thus:
Specific antibiotic production = antibiotic zone diameter/ln dry weight
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Statistical Analysis of Hie Data
The data of specific antibiotic production, zone sizes and their 
associated dry weights were statistically analysed using the statistical 
routines of MINITAB release 82.1 (Pennsylvania State University, PA 16802, 
USA) on the University of Surrey Prime 750 computer system (Prime Computer 
Inc., Eramington, Mass. USA).
To compare the data obtained for each selective medium, a one-way (one 
factor) analysis of variance was carried out. The MINITAB one-way analysis of 
variance gave (i) an analysis of variance table; (ii) the sample size, sample 
mean and standard deviation corresponding to each population (or factor 
level); (iii) the pooled estimate Sp = mean square error of the common 
standard deviation (pooled standard deviation) and (iv) a display of 
individual 95% confidence intervals for each population mean. Each confidence 
interval was calculated by
(x - t* Sp/n^) to (x + t* Sp/n^)
where x and n^ were the sample mean and sample size corresponding to 
population i, and t was the value from a t-table corresponding to 95% 
confidence and the degrees of freedom associated with the mean square error 
(Ryan Jr. et al., 1976).
In the analysis of variance table, the total sum of squares (SS TOTAL) 
was broken down into two sources - the variation due to differences between 
the selective media (SS FACTOR) and the variation due to random error within 
each selective medium (SS ERROR) :
(SS TOTAL) = (SS FACTOR) + (SS ERROR)
The third column of the analysis of variance table gave the mean square 
due to the factor (difference between Hie selective media) and the mean square 
due to error (variation within each selective medium). Each mean square (MS) 
was the ratio of the corresponding sum of squares and degrees of freedom. The 
last column gave the quotient of these two mean squares :
(F-RATIO) = (MS FACTOR) / (MS ERROR)
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If F-RATIO is large then MS FACTOR must be much larger than MS ERROR. That 
is, the variation between selective media is much greater than the variation 
due to random error. So the null hypothesis that there is no difference 
between the selective media must be rejected. How large the F-RATIO must be 
is determined by the critical value from an F-table. To use an F-table, the 
degrees of freedom of the numerator of the F-RATIO and the degrees of freedom 
for the denominator of the F-RATIO are needed. Using these two degrees of 
freedom, the corresponding value from an F-Table is obtained. If this value 
is less than the calculated value, then the null hypothesis of no difference 
must be rejected, and it can be concluded that there is a significant 
difference between the selective media.
Antibiotic Productivity Measured with Staphylococcus aureus
In differentiating high antibiotic producers from the low producers (in 
Part 5), the criterion used was the inhibition of aureus growth on cup 
plate agar difussion assay. It follows therefore that the effects of the 
selective characters defined by this criterion will be best shown from the 
results obtained with aureus. Since the selective isolations were carried 
out at 20°C, it was necessary to exclude the control medium A which was used 
to isolate mutants at 30°C in order to clearly show the differences between 
the selective media and the control medium which isolated mutants at 20°C.
From the analysis of variance of the zone sizes, dry weights and specific 
antibiotic production, the -values calculated 11.49, 11.95 and 6.50 
respectively (Table 26), were much higher than 1.96, the F-value from the F- 
table at the 5% level of significance. Therefore, there is a significant 
difference between the populations of mutants isolated on the selective media 
when the mean amounts of antibiotic produced, the biomass produced and the 
specific antibiotic production of the mutants selected are considered.
The selective media E, F, G, H and I produced mutants which gave higher 
quantities of antibiotics (as shown by their zone diameters) than those of the 
control medium B. This is shown in the difference between their means and in 
their 95% confidence intervals (Table 26 A). Higher biomass levels were 
obtained with mutants from the media F,G,H,I and J (Table 26B) than those of 
the control medium B. The specific antibiotic production of mutants from the 
selective media C,D,E,G,H and I were higher than -those of the control medium B
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TABLE 26. ANALYSIS OF DATA OBTAINED WITH S.aureus.
(A)
ANALYSIS OF VARIANCE OF ZONE SIZES ON S.aureus (C86H).
ANALYSIS OF VARIANCE
SOURCE DF SS MS F
FACTOR 8 1565.6 195.7 11. H9
ERROR 166 2826.9 17.0
TOTAL 17H *1392.5
INDIVIDUAL 95? CONFIDENCE INTERVALS FOR
MEAN BASED ON POOLED STANDARD DEVIATION
MEDIUM N MEAN STDEV
B 17 20.93 H.H1 (--- i--- )
C 7 18.01 H. 13 (------ #------ ■)
D 8 20.HO 3-29 (----- » ----- )
E IB 22.83 H.H6 (---- »-----)
F 39 21. HO H. 80 (-
G 21 26.07 2.59 (___*--- )
H 22 2H.53 H. 63 (___*--- )
I 27 26.5H 3.6U (-- »---)
J 21 17.62 3-8H (-- *---)
POOLED STDEV = H. 13 16.0 20.0 2H.0 28.0
(B)
ANALYF'3 OF VARIANCE OF DRY WEIGHTS ASSOCIATED WITH S.aureus (C86U) ZONES.
ANALYSIS OF VARIANCE
SOURCE DF SS MS F
FACTOR 8 61.700 7.713 11.95
ERROR 166 107.115 0.6H5
TOTAL 17H 168.815
INDIVIDUAL 95? CONFIDENCE INTERVALS FOR
MEAN BASED ON POOLED STANDARD DEVIATION
MEDIUM N MEAN STDEV
B 17 H.55H 1.098 (-- ■
+ +
— )
C 7 3.092 0.89H (---- — )
D 8 H. 167 1.108 (---- 1__ )
E 13 H. 179 0.516 (--- II__
F 39 5.607 0.767 (_»__)
G 21 5.273 O.H56 (-- »— )
H 22 5.219 0.851
I 27 5.235 0.798 ( —  *__)
J 21 H.955 0.806 -- *__)
POOLED STDEV = 0.803 3.0 H.O 5.0 6.0
(C)
ANALYSIS OF VARIANCE OF SPECIFIC ANTIBIOTIC PRODUCTION WITH S.aureus (C86H
( ZONE DIAMETER / In DRY WEIGHT ).
ANALYSIS OF VARIANCE
SOURCE DF SS MS F
FACTOR 8 6H2.2 80.3 6.50
ERROR 166 20H9.2 12.3
TOTAL 17H 2691.H
INDIVIDUAL 95? CONFIDENCE INTERVALS FOR
MEAN BASED ON POOLED STANDARD DEVIATION
MEDIUM N MEAN STDEV
B 17 1H.87 5.07 (---- )
C 7 17.99 7.09 ( — ____ *--------)
D 8 15.60 H. 29 (----- ---- )
E 13 16.11 3.15 ( — - -#---- )
F 39 12.51 2.7H (___»--)
G 21 15.75 1.76 (- ■ _-- )
H 22 15.28 3.9H (_. . -)
I 27 16.32 2.96 __ If--- )
J 21 11.25 3.06 (---- »---- )
POOLED STDEV = 3.51 1 2 . 0 15.0 1 8 . 0
(Table 26C). Though the difference between the specific antibiotic production 
appears to be marginal, it is significant since the calculated F-value of 6.50 
is much higher than 1.96, the F-value from the F-tables at the 5% level of 
significance.
In general, the selective media were able to select for mutants which 
produced more biomass as well as producing more antibiotic, with a 
significant increase in the specific antibiotic production. This is a 
significant finding since faster growing mutants of antibiotic producing 
microorganisms usually have lower antibiotic titres (Rowlands, 1984). The 
media constructed using the predictive properties of discriminant analysis 
have provided a means of positive selection for increased growth rate whilst 
preserving (or enhancing) specific antibiotic production rate.
The mean level of antibiotic and biomass produced by the mutants from the 
selective media G, H and I were much higher (17.2 - 26.8% and 14.6 - 15.79%, 
respectively) than those of the control medium B, though their mean specific 
productivities were only slightly higher (2.76 - 9.75%). Medium G contained 
neomycin and erythromycin; medium H contained neomycin and cobalt; and medium 
I contained erythromycin and cobalt. Medium J which contained neomycin, 
erythromycin and cobalt together selected mutants which produced low levels of 
antibiotics and had low specific antibiotic productivity (Table 26A and C). 
The selective conditions of neomycin, erythromycin and cobalt together (in 
medium J) selected for mutants with poor specific antibiotic production but 
with higher biomass production. In paired combinations (in media G, H and I) 
however, they selected for mutants which produced increased levels of 
antibiotics, higher quantities of biomass and higher specific antibiotic 
productivity (Table 26). Individually, neomycin (in medium D) and 
erythromycin (in medium E) selected for mutants with higher specific 
antibiotic production but cobalt (in medium F) selected for mutants which 
produced higher biomass. The mutants selected by neomycin, however, produced 
less antibiotics and less biomass than those of control medium B. 
Erythromycin (in medium E) selected for mutants which produced relatively more 
antibiotic for relatively less biomass than those of the control medium B 
(Table 26A and B). Being a protein synthesis inhibitor, erythromycin in the 
medium could have selected for resistant mutants which had a higher rate of 
protein synthesis resulting in increased growth and biosynthetic rates.
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Table 27 Percentage of selected mutants which produced antibiotics detectable 
.with S. aureus (C864)
Medium Number of
Selected
Mutants
Number of 
Producers
Percentage
A 50 16 32
B 40 17 42.5
C 50 7 14
D 50 8 16
E 50 13 26
F 50 39 78
G 50 21 42
H 50 22 44
I 50 27 54
J 50 21 42
It was also observed that the percentage of the selected mutants which 
produced detectable quantities of antibiotics varied between the selective 
media (Table 27). The single outstanding factor which selected for a higher 
percentage of antibiotic producers was cobalt (in media F,H,I and J). The 
media containing cobalt also selected for mutants which produced the highest 
amounts of biomass. This ability of cobalt to select for a high percentage of 
antibiotic producers could be due to two reasons : (i) as faster growing 
mutants (those producing higher biomass) are selected, more of them are likely 
to reach idiophase compared with mutants with low growth rates, resulting in 
more producers giving detectable levels of antibiotics, and (ii) the fact that
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cobalt is a requirement of streptomycetes for antibiotic production (Foor et 
al., 1982) means that more antibiotic producers are likely to be selected 
which will produce detectable amounts of antibiotics.
Comparison of the specific antibiotic poooducrtivity of the selected mutants an 
S. aureus, C. terrigena and FLavbbacterium sp.
Considering the specific antibiotic production of the mutants selected by 
the different media, the results obtained with aureus (C864) and C. 
terrigena (C2034) were found to be similar (Table 28A and B). The same media 
(C,D,E,G,H, and I) selected mutants which showed better specific antibiotic 
productivity than those of the control medium B with the two indicator 
organisms. The results obtained with the FI avobacterium sp (C2116) were 
completely different from those of aureus and C. terrigena. Only mutants 
selected by media C and D showed better antibiotic productivity than those of 
the control medium B (Table 28C). Medium C contained starch while D contained 
neomycin. Replacing glucose with starch therefore selected for mutants with 
improved antibiotic productivity. More rapid glucose assimilation could 
result in increased catabolite repression of antibiotic synthesis, a 
speculation which, if true, could account for the results obtained.
The wild type Streptomyces cattleya produces three antibiotics 
(cyclopentendione, cephamycin C and thienamycin) in substantial quantities, so 
it would be expected that some of the selective conditions would select for 
mutants which have improved production of one (or more) antibiotic in 
preference to the others. If the three antibiotics were present in the broth 
cultures of the mutants, the difference in sensitivity between the indicator 
organisms to each of the antibiotics (Table 11 and 12) will give an indication 
of which antibiotics were being detected by each indicator organism. From 
Table 11 and 12, FIavobacterium sp (C2116) was sensitive only to 
cyclopentenedione. Also S^_ aureus was resistant to cephamycin C. From Table 
13, it was concluded that in combination, the antibiotic with the highest 
potency was responsible for the inhibition zone produced. Therefore, if there 
was a combination of the three antibiotics in the culture broths of the 
mutants, it would be expected that the inhibition zones will be produced by
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TABLE 28. COMPARISON OF THE DATA OBTAINED WITH S.aureus, C.terrigena, AND 
Flavobacterium sp.
(A)
ANALYSIS OF VARIANCE OF SPECIFIC ANTIBIOTIC PRODUCTION WITH S.aureus (C864) 
( ZONE DIAMETER / In DRY WEIGHT ).
ANALYSIS OF VARIANCE
SOURCE DF SS MS F
FACTOR 8 642.2 80.3 6.50
ERROR 166 2049.2 12.3
TOTAL 174 2691.4
INDIVIDUAL 95$ CONFIDENCE INTERVALS FOR
MEAN BASED ON POOLED STANDARD DEVIATION
MEDIUM N MEAN STDEV
B 17 14.87 5.07 (---- --- )
C 7 17.99 7.09 (------- *--------)
D 8 15.60 4.29 (----- -------)
E 13 16.11 3. 15 ( — -- *-----)
F 39 12.51 2.74 (-- «— )
G 21 15.75 1.76 ( — ---- )
H 22 15.28 3.94 (___. .*--- )
I 27 16.32 2.96 -- *----)
J 21 11.25 3.06 (---- *----)
POOLED STDEV = 3-51 12.0 15. 18.0
(B)
ANALYSIS OF VARIANCE OF SPECIFIC ANTIBIOTIC PRODUCTION WITH C.terrigena (C2034). 
( ZONE DIAMETER / In DRY WEIGHT ).
ANALYSIS OF VARIANCE
SOURCE DF SS MS
FACTOR 8 159.69 19.96
ERROR 134 618.55 4.62
TOTAL 142 778.24
MEDIUM N MEAN STDEV
B 13 9.805 3.443
C * 4 12.237 2.888
D 7 10.200 2.336
E 9 10.482 1.999
F 35 8.555 2.065
G 21 10.983 1.715
H 20 10.334 2.441
I 27 10.123 1.542
J 7 7.455 1.129
POOLED STDEV = 2.148
F
4.32
INDIVIDUAL 95$ CONFIDENCE INTERVALS FOR 
MEAN BASED ON POOLED STANDARD DEVIATION
(-- >-- )
(------*------
(--- --- )
( — --- )
( — *— )
(--*--)
(- --)
(-.*--)
(---- *---- )
7.2 9.6 12.0 14.4
(C)
ANALYSIS OF VARIANCE OF SPECIFIC ANTIBIOTIC PRODUCTION WITH Flavobacterium (C2116), 
( ZONE DIAMETER / In DRY WEIGHT ).
ANALYSIS OF VARIANCE
SOURCE DF SS MS F
FACTOR 8 2824.0 353.0 27.93
ERROR 269 3400.0 12.6
TOTAL 277 6224.0
INDIVIDUAL 95$ CONFIDENCE INTERVALS FOR
MEAN BASED ON POOLED STANDARD DEVIATION
MEDIUM N MEAN STDEV
B 25 14.455 4.015 ( — '-- )
C 26 20.999 4.632 (--*-- )
D 30 17.928 4.851 • (--«-)
E 27 13.872 3.386 ~)
F 41 9.788 3.015 (-«--)
G 29 11.542 1.324 (--«-)
H 32 13.378 3.728 ■)
I 36 14.003 2.629 ->
J 32 11.696 3.641 (__*„)
POOLED STDEV = 3.555 12.0 16.0 20.0
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thienamycin. From this premise and Table 12, it follows that aureus and C« 
terrigena will give similar results, as they do in Table 28(A and B). 
Absolute values will, however, be lower for terrigena since it was not as 
sensitive to thienamycin as aureus.
Since Flavobacterium sp (C2116) was resistant to both thienamycin and 
cephamycin C, the antibiotic productivity measured with Flavobacterium sp was 
therefore that of cyclopentenedione. If the zones on aureus and C. 
terrigena had been produced by cyclopentenedione, from Table 11 and 12, it 
would be expected that the results of specific antibiotic productivity from S. 
aureus, C. terrigena and Flavobacterium sp would be similar. On the 
contrary, the results from FI avobacterium sp were very different from those of 
S. aureus and CV terrigena and it can be concluded that the results produced 
by S^_ aureus and terrigena were not for cyclopentenedione but thienamycin.
The number of mutants producing detectable quantities of antibiotics was 
highest with Flavobacterium sp and lowest with terrigena. This would be 
expected if the culture broths contained a mixture of the three antibiotics. 
FIavobacterium sp would be expected to detect more producers of 
cyclopentenedione (which would include mutants which had not reached the stage 
of thienamycin production) than either terrigena or S^ _ aureus for 
thienamycin producers. As terrigena was less sensitive to thienamycin than 
S. aureus it will be expected to detect less numbers of thienamycin producers.
Thus using the selective media designed from the test characters selected 
by discriminant analysis, it has been possible to select for mutants of S. 
cattleya with improved thienamycin production.
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III. GENERAL DISCUSSION AND CONCLUSIONS
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GENERAL DISCUSSION AND CONCLUSIONS
Using numerical taxonomy, it was possible to define sub-populations of 
high titre antibiotic producing mutants of Streptomyces cattleya. From a 
population of ultraviolet radiation induced mutants, clusters of high titre 
producers were identified using cluster analysis and principal components 
analysis on morphological, physiological and biochemical characteristics of 
the population. Information on antibiotic per se was not included in the 
analysis. Both cluster analysis and principal components analysis gave similar 
results, identifying the same clusters of high titre antibiotic producers. The 
agreement between the two analyses gives confidence to the classification.
Discriminant analysis allowed the characterization of the high titre 
producers. The characters which were identified for the positive selection of 
high titre producers were growth rate at 20°C, starch hydrolysis, resistance 
to neomycin, erythromycin and cobalt. Glucose utilization and sensitivity to 
penicillin were found to give negative discriminant functions which suggested 
that they were not suitable for the positive selection of high titre 
producers. The high negative discriminant function for glucose utilization 
indicated that a high glucose utilization rate would more likely lead to less 
antibiotic production, probably as a result of the well known carbon 
catabolite repression. Streptomyces cattleya, being a p-lactam producer was 
found to be very resistant to penicillin. The negative discriminant function 
for sensitivity to penicillin suggested that low titre producers would be 
resistant to penicillin, making resistance to penicillin an unsuitable 
selection criterion for the isolation of high titre producers.
The five characters identified with positive discriminant function 
coefficients were used in the formulation of selective pressures which 
selective isolation media would impose on ultraviolet radiation induced 
mutants of SL_ cattleya. Starch hydrolysis gave a very high discriminant 
function coefficient which indicated that the ability to break down starch was 
very significant for antibiotic production. The utilization of starch being a 
slowly assimilated carbon source, will probably relieve the the carbon 
catabolite repression of glucose, favouring improved antibiotic production. 
This probably explains the improved yields obtained from mutants selected by 
medium C which contained starch as the only selective component.
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The resistance of the mutants to neomycin and erythromycin were also 
found to be useful for the positive selection of high titre producers. When 
included in the selective media, they individually (in media D and E) selected 
for mutants with higher specific antibiotic production. Together, in medium G, 
they selected for mutants with increased levels of antibiotics, biomass and 
higher specific antibiotic productivity. Although antibiotics have been used 
in the selective isolation of actinomycetes from the soil (Goodfellow et al., 
1974; Athalye et al., 1981; McCarthy and Cross, 1981), in only a few selection 
programmes have antibiotic resistance been used. Luengo et al. (1979a) 
obtained mutants of Penicillium chrysogenum which were resistant to polyene 
macrolide antibiotics and produced higher levels of penicillin. The penicillin 
production was increased due to the destruction of the selective permeability 
of the cell membrane by the polyene macrolide antibiotics resulting in a high 
secretion of penicillin. Erythromycin and neomycin are both protein synthesis 
inhibitors and it is possible that mutants resistant to the concentrations 
applied in the media had a higher rate of protein synthesis and higher 
biosynthetic rates which would account for their improved levels of antibiotic 
production.
Cobalt in the selective media was found to select for more high titre 
antibiotic producing and high biomass producing mutants than any other 
selective factor. In paired combinations with erythromycin and neomycin, 
cobalt resistance had a synergistic effect for selecting mutants with 
increased levels of antibiotic and biomass production. A possible reason for 
cobalt selecting for more antibiotic producing mutants is that cobalt is a 
requirement of streptomycetes for antibiotic production (Foor et al., 1982). 
It is also known that p-lactam antibiotics complex metallic ions at high 
concentrations (Fazakerly and Johnson, 1975). It is thought that mutants which 
become resistant to these metallic ions do so by overproducing p-lactam 
antibiotics as a means of detoxifying these metallic ions (Chang and Elander, 
1979).
In combination together, all the selective conditions selected for 
mutants with poor specific antibiotic production whereas in paired 
combinations synergy was observed, selecting for mutants with higher specific 
antibiotic production than the control medium. An explanation for the multiple 
combination of the selective conditions to select for mutants with low 
specific production could be that the mutants resistant to the multiple 
selective pressures are likely to contain multi-hit mutations and therefore
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likely to be markedly different from the wild type including the ability to 
produce antibiotics.
Principal components analysis demonstrated the interaction between the 
test characters in the spatial distribution of the’mutants. The characters 
which included morphological, physiological and biochemical characters were 
found to have individual and collective effects on the distribution of the 
mutants in two dimensional space. It was also found that characters which were 
apparently unconnected had similar effects on the grouping of the mutants. 
This was confirmed by discriminant analysis in the characters which were 
selected as those which differentiated the high titre producers from the low 
producers.
A number of schemes have been proposed for the rational selection of high 
titre antibiotic producing mutants (Ghang and Elander, 1979; Rowlands and 
Normansell, 1983; Rowlands, 1984). The approach used in this study is 
different in that it applies the principles of numerical taxonomy to identify 
characters that could be used for the selective isolation of high titre 
producers. This numerical taxonomy approach could be used in a strain 
development programme for the selection of high titre antibiotic producers. 
The approach offers the advantage of saving time and labour in that the 
characterization of high titre producers is done once, and when the characters 
identified are used in the design of selective media, the chances of isolating 
high titre producers are increased because low producers are eliminated by the 
selective pressures imposed by the media, making it unneccessary to carry out 
repeated bioassays especially during prescreening. Other advantages of this 
approach are that it could be applied for the selective isolation of strains 
with improved yields of any desired microbial product and it has a high 
throughput.
In testing some of the characters of the mutants, some significant 
observations were made. The colony growth rate of Streptomyces cattleya wild 
type on solid medium was found to increase with temperature, reaching a 
maximum at 37°C after which it dropped. The growth rate at 37°C was found to 
be almost twice as fast as at 30°C. The original description of S. cattleya 
(Kahan et al., 1979) described its growth at 37°C as moderate, but the results 
from this study agree with those of Foor et al. (1982) who found that growth 
at 37°C was double that at 28°C.
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The rate of increase of the colony radius of SL_ cattleya on solid medium 
was found to be linear. In a study of the growth and development of 
Streptomyces coelicolor A3 (2) on solid media, Allan and Prosser (1983) 
observed that the hyphal branches grew at a linear rate with primary branches 
exhibiting an initial slow period of extension which was less evident in 
secondary and tertiary branches. Since the overall colony growth rate depends 
on the rate of increase of the hyphae, the results obtained from the present 
study of the growth rate of cattleya complement the findings of Allan and 
Prosser (1983) with S^ coelicolor. The initial slow period of extension of the 
primary branches probably explains why colony areas of cattleya were not 
measurable before 48hr.
The mutants induced by UV irradiation showed a range of growth rates at 
different temperatures. The distribution of the mutants according to growth 
rates was narrow at low temperatures (20 to 30°C) whereas at higher 
temperatures, the spread was wider. The distributions at different 
temperatures overlap, the overlap increasing with temperature. The 
distribution of the mutants at 44°C was found to overlap those at 25, 30 and 
37°C. At low temperatures (20 to 30°C), the growth rate of the wild type put 
it within the most frequent classes of the mutants, but at higher temperatures 
(37 and 44°C), the wild type was found to fall into the classes which had 
fewer numbers but faster growth rates. This suggests that the mutants were 
more sensitive to higher temperatures than the wild type.
The wild type cattleya was found to be resistant to p-lactam 
antibiotics but sensitive to the aminoglycosides, erythromycin, 
chloramphenicol and clindamycin. The mutants were also found to be sensitive 
to these antibiotics. Resistant mutants were found to decrease in number with 
increasing concentrations of the antibiotic tested. It is known that 
antibiotic producing organisms are generally resistant to the antibiotics they 
produce and related antibiotics (Okami et al., 1960; Demain, 1974; Gause et 
al., 1981). The antibiotics to which S^ _ cattleya was sensitive were very 
active inhibitors of protein synthesis.
To achieve some of the quantitative results used in the numerical 
classification, some modifications were made to the methods normally used for 
testing some characteristics. In the measurement of colony growth rates, the 
use of image analysis was found to be an accurate method for estimating colony 
areas, radii and growth rates. In the starch hydrolysis test, the normal
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method of testing for starch hydrolysis was modified into an agar diffusion 
cup plate enzyme assay in order to estimate starch hydrolysis per unit 
biomass. In the measurement of antibiotic production, the medium was modified 
to prevent carbon catabolite and phosphate repression of antibiotic 
production.
The numerical taxonomy technique for selecting high titre producers 
developed and used in this study can be incorporated into a strain development 
scheme to improve the production of thienamycin by Streptomyces cattleya (or 
any other desired microbial product by any microorganism). The number of 
characteristics to be studied may be increased and it would be interesting to 
compare the results of the application of this method in a strain development 
programme with those of other rational screening methods.
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